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PREFACE. 


Tue publishers of Dr. Baly’s edition of ‘ Miiller’s 
Elements of Physiology” had long designed to render 
that admirable work more available for the general use of 
students. They had proposed the reduction of its prin- 
cipal contents into a Volume more nearly proportionate 
to the share of time which can be devoted to Physiology, 
as only one of many subjects to be studied, in the period 
of pupillage. The present work was commenced with 
the intention of fulfilling their design ; it was announced 
as a ‘* Hand-book of Physiology on the Basis of Miiller’s 
Elements ;” and many of its chapters, namely those on 
Morton, Voice and SpeEcH, THE SENSES, GENERA- 
TIon, and DeveLopmMeENntT, are chiefly abstracts of corre- 
sponding portions of that work, and of the Supplement 
by Dr. Baly and myself. But, in the rest of the subjects, 
it was found that the progress of Physiology during seven 
years had so increased or modified the facts, and some 
even of the principles of the science, that ‘* Miiller’s Ele- 
ments,” and the notes added by Dr. Baly, could only be 
employed as among the best authorities and examples. 
The design was, therefore, departed from, so far as it con- 
cerned the construction of a Hand-book on the basis 
of Miiller. 

In writing the present work, the primary object has 
been to give such an account of the facts and generally 
admitted principles of Physiology as may be conveniently 
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consulted by any engaged in the study of the Science ; 
and, more especially, such an one as the student may 
most advantageously use during his attendance upon 
Lectures, and in preparing for examinations. The brevity 
essential to this plan required that only so much of Ana- 
tomy, Chemistry, and the other sciences allied to Physio- 
logy, should be introduced as might serve to remind the 
reader of knowledge already acquired, or to be obtained, by 
the study of works devoted to these subjects. For the 
same end it was necessary to omit all discussions of un- 
settled questions and expressions of personal opinion ; but 
ample references are given, not only to works in which 
these may be read, but to those by which the study of 
Physiology may be, in its widest extent, pursued. 

For the convenience of students the subjects are ar- 
ranged on a plan corresponding with that in which they 
are taught in the courses of Lectures on Physiology, de- 
livered in the principal metropolitan schools of medicine. 

I cannot sufficiently express my obligations to Mr. 
Paget, from whom I have received the most liberal aid in 
every stage of the work, and who has, moreover, afforded 
me access to his manuscript notes of Lectures. I have 
also to offer my best thanks to Dr. Baly for many kind 
suggestions made by him in the course of the work. 


Witiiam SenHousE KrrxeEs. 


College of Saint Bartholomew’s Hospital, 


Sept. 29th, 1848, 
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CORRIGENDA. 


Page 120, instead of the foot-note to fig. 7 read, ** Blood-vessels of an in- 
testinal villus, representing the arrangement of capillaries between the ultimate 
venous and arterial branches; @, a, the arteries; J, the vein.” 

Page 385, line 7, instead of “example, of which,’’ ead “ example in 
which.” 

Page 415. To the list of books on the structure of the brain recommended 
for perusal, must be added the work of Mr. Solly on the Human Brain. It 
need scarcely be said that its omission was accidental. 
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EXPLANATION OF PLATES. 


PLATE I. 


Figs. 1 to 5 represents the particles from the blood of different animals, 
all magnified about four hundred diameters. 

Fig. 1. Red particles of human blood, after Wagner. 

Fig. 2. Red particles of the blood of the common fowl. a, Ordinary ap- 
pearance when the flat surface is turned towards the eye ; 6, appearance 
which is sometimes presented by the particle when in the same position, and 
which suggests the idea of a furrow surrounding the central nucleus ; ¢, d, 
different appearances of the particles when seen edgeways. 


Fig. 3. Red particles of the frog. 


Fig. 4. ——————— of the Squalus squatina, after Wagner. 
Fig. 5. ——————— of the Lophius piscatorius, after Wagner. 
PLATE II. 


Fig. 3. Fibres of elastic tissue from the ligamentum flayum of the vertebra, 
(magnified about three hundred and eighty diameters). 


Fig. 4. Fasciculi and fibres of cellular tissue (magnified about six hundred 
diameters). 


Fig. 5. Portion of tendon (magnified about six hundred diameters). 


Fig. 6. Portion of the middle fibrous coat of the aorta (magnified about 
three hundred and eighty diameters). 


Fig. 7. Muscular fibres of animal life (magnified about two hundred dia- 
meters). 

Fig. 8. Portion of a broken muscular fibre of animal life (magnified about 
seven hundred diameters). 


Fig. 9. Organic muscular fibres (magnified three hundred and fifty dia- 
meters). 


PLATE III. 


This is the drawing of an embryo, with its membranes, in the possession of 
Dr. Sharpey, of which an outline copy and a full description are given at page 
635. 

PLATE IV. 
Figs. 1, 2, 3, are drawings of an ovum and embryo, representing different 
views of the umbilical vesicles ; after Miiller. (See page 636.) 

Fig. 4 represents the second embryo belonging to Dr. Sharpey, described 
at page 035, 

Fig. 5 represents the mesentery and intestine of the embryo shewn in 
Plate ITI., spread out so as to display the mesenteric vessels, and the origin 
of the omphalo-mesenteric artery from one of the main branches. See the 
description at page 635. 


These plates, as well as most of the wood-engravings, are adopted from Dr. 
Baly’s edition of Miiller’s Physiology. 
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INTRODUCTIO R, 


Human Puysio.oey is the science which treats of the condi- 
tions, phenomena, and laws of the life of the human body in the 
state of health. 

The phenomena of life manifested in the human body, as in 
that of all animals, may be arranged in two principal classes ; 
the first comprehending those which are observed, in various 
degrees of perfection and variously modified, in both vegetables 
and animals; the second, those which are peculiar to the mem- 
bers of the animal kingdom. 

The first class of the phenomena of life includes, 1st, The pro- 
cesses of digestion, absorption, secretion, excretion, circulation, 
and respiration, which, together with the offices of some parts 
not yet understood, fulfil their purpose in the formation, move- 
ment, and purification of the blood, with the materials for the 
nutrition of all the tissues of the body ; 2nd. The processes of 
growth and nutrition, or nutritive assimilation, by which the 
several parts of the body, obtaining materials from the blood, 
repair the loss and waste to which they are subject in the dis- 
charge of their functions, or through their natural impairment 
and decay; 3rd. The generative processes, for the formation, 
impregnation, and development of the ova. 

These are named processes, functions, or phenomena of organic 
or vegetative life. Those of the first two divisions maintain the 
existence of the individual being; those of the third maintain 
that of the species. 
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The second class of vital phenomena includes the functions of 
sensation and voluntary motion, by which the mind of an ani- 
mal acquires knowledge of things external to itself, and is 
enabled to act upon them. These are named phenomena of 
animal or relative life. 

But the division of the functions or phenomena of life into 
these, or any similar classes, is artificial, and must not be taken 
as indicating absolute difference and dissociation. The organic 
and the animal life are knit together and mutually dependent ; 
neither can be long maintained without the other. As all the 
processes of organic life are essential to the maintenance of the 
organs of animal life, so, in an equal degree, the sensation and 
voluntary motion of animal life are essential to the taking of 
food, the discharge of excretions, and other processes of organic 
life, by which the animal and the species are maintained. 


All the bodies in which the phenomena of life have been 
observed are formed of diverse mutually adapted parts, or organs ; 
they are, therefore, called organisms, or organized bodies or parts; 
their composition and structure, being peculiar, are named or- 
ganic, and constitute their organization. While alive, also, they 
manifest certain peculiar vital properties and modes of action. 
A brief account, therefore, of the chemical composition, general 
anatomical structure, and vital properties of the several tissues 
and organs, will be a necessary preface to the consideration of 
their actions. 


CHAPTER I. 
CHEMICAL COMPOSITION OF THE HUMAN BODY. 


Tue following Llementary Substances may be obtained, by 
chemical analysis, from the human body ; Oxygen, Hydrogen, 
Nitrogen, Carbon, Sulphur, Phosphorus, Silicon, Chlorine, Flu- 
orine, Potassium, Sodium, Calcium, Magnesium, Iron, and pro- 
bably, or sometimes, Manganesium, Aluminium, and Copper. 

Thus, of the fifty-five elements of which all known matter is 
composed, nearly one-third exist in the human body. A few 
others have been detected in the bodies of other animals; but 
no element has yet been found in any living body which does 
not also exist in inorganic matter, 

Of the elements enumerated above, the first four, because 
they exist in nearly all animal substances and form the largest 
parts of all, are named essential elements ; the rest, being less 
constant, and occurring often in only very small quantity, are 
‘named incidental elements, But the term incidental must not 
be understood to imply that any of these elements (except, per- 
haps, the last three) are less necessary to the right composition 
of the substances in which they exist than the essential elements 
are. Sulphur, for example, is as constant and necessary a con- 
stituent of albumen, and iron of hamatosine, ag any of the 
‘elements are. The terms must be taken in only a general sense. 
No organic substance being known which has not at least three 
of the first four elements, they may be considered essential to 
ithe formation and existence of organic matter. But one or more 
‘of the other elements added to these, in comparatively small 
iproportions, contribute to determine, as it were incidentally, the 
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peculiarities by which one kind of organic matter is distinguished 
from another. 

The elements composing organic and inorganic matter being 
thus the same, we must look to the modes in which they are 
combined for an explanation of the differences between the two 
classes of substances. We cannot indeed draw an absolute rule 
of chemical distinction between the two classes, for there are 
substances which present every gradation of composition between 
those that are quite organic and those that are inorganic. Such 
substances of intermediate composition are many that are formed 
when inorganic matters, taken as nutriment by plants, gradually 
assume the characters of organic matter, under the influence of 
the vital properties of the plant ; and such are those which are 
formed in both plants and animals, when, out of the well-organ- 
ized tissues, or out of the sap or blood, materials are being sepa- 
rated, to form either tissues for mechanical service, or stores for 
nutriment, or purifying excretions. In both cases, the substances 
that are in the state of transition between the organic and the 
inorganic, or between the more and the less organized states, 
may proceed through changes so gradual that no natural line of 
demarcation between the two states can be discerned; and one 
cannot say when that which has been called inorganic has ac- 
quired the characters of an organie body, or when that which 
has been organic ceases to deserve the name. Alcohol, ether, 
acetic acid, urea, uric acid, and the fatty and oily matters, are 
such substances of organic origin, and intimately related to 
such as no one would hesitate to call organic, yet in their sim- 
plicity and mode of composition they are like inorganic matters. 

But although no decided difference in chemical characters 
can be discerned in substances that thus stand, as it were, on the 
boundary between the organic and the inorganic world, yet, all 
the substances that form the proper component living tissues of 
animal bodies are as distinguished from inorganic substances as 
the actions of living bodies are from the passiveness of dead ; 
and, as a general rule, it may be held that the more active the 
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vital processes are that are carried on in any substance, the 
more widely do the chemical characters of that substance differ 
from those of inorganie matter. 

The chief peculiarities in the chemical characters of animal 
substances appear to be these three :— 

1. The simplest of the compounds naturally formed in the 
body,—of those compounds which, from their being supposed to 
stand, in order of simplicity, nearest to the elements, are called 
proximate principles,—are composed of at least three elements. 
In the inorganic world, the most abundant substances are either 
in the elemental state, as the oxygen and nitrogen, by the mix- 
ture of which the atmosphere is formed; or, are formed by the 
union of only two elements, as water, of oxygen and hydrogen, 
the oxydes of calcium, aluminium, and others. In the organic 
world, the most abundant substances are, in plants, compounds 
of three elements, as starch, gum, sugar, cellulose, and others 
compesed of carbon, hydrogen, and oxygen ; and in animals, of 
four or five elements, as albumen, fibrine, gelatine, and other 
compounds of the four essential elements and sulphur. 

2. In the more compound inorganic substances, the several 
elements of which they consist appear to be combined, or, as 
it were, put together, in pairs — each element seeming to have 
more affinity for one of the others than for all the rest. The 
elements are arranged in what is called a binary mode of 
combination. But, when any number of elements are com- 
bined in an organic compound, they appear all held together 
as with one bond, as if each of them were united with equal 
force to all the others. Thus, for example, carbonate of ammo- 
nia, which is regarded as an inorganic salt, is formed of the 
same four elements as compose most animal matters. Its 
constitution may be thus expressed :— 


Carbon, 2 
Oxygen, § 
Nitrogen, 2 
Hydrogen, § 


and these two uniting form 


uniting, form carbonic acid, 
carbonate of ammonia. 


uniting, form ammonia, 


And in the analysis of this substance, the first pair of 
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elements may be separated together in the form of carbonic 
acid, the second pair remaining as ammonia. But, in stating 
the composition of an organic body, these four elements would 
be all placed within one bond or bracket ; and in the analysis 
of such a compound the elements part asunder, and re-combine 
in compounds, which vary according to the circumstances in 
which: the change takes place, and of which compounds there 
may be no reason to believe that any previously existed in the 
substance analysed. Thus, in the decomposition of albumen, 
carbonic acid, water, ammonia, carburetted and sulphuretted 
hydrogen, and other compounds, would be, not merely separated, 
but formed out of the elements parting asunder, and combining 
again according to their several affinities and the circumstances 
of the case. 

3. Not only is a large number of elements combined in an 
organic compound, but a large number of equivalents or atoms 
of each of the elements are united to form an equivalent or 
atom of the compound. In the case of carbonate of ammonia, 
already referred to, one equivalent of carbonic acid is united with 
one of ammonia; the equivalent or atom of carbonic acid con- 
sists of one of carbon with two of oxygen ; and that of ammonia 
of one of nitrogen with three of hydrogen. But in an equivalent 
or atom of fibrine, or of albumen, there are of the same ele- 
ments, respectively, 48, 15, 12, and 39 equivalents, according 
to Dumas, and nearly ten times as many according to Mulder. 
And, together with this union of large numbers of equivalents 
in the organic compound, it is further observable, that the 
several numbers stand in no simple arithmetical relation one 
with another, as the numbers of equivalents combining in an 
inorganic compound do. 

With these peculiarities in the chemical composition of 
organie bodies we may connect two other consequent facts: the 
first, that of the large number of different compounds that are 
formed out of comparatively few elements; the second, that of 
their great proneness to decomposition, For, it is a general 
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rule, that the greater the number of equivalents or atoms of an 
element that enter into the formation of an atom of a com- 
pound, the less is the stability of that compound. Thus, for 
example, among the various oxydes of lead and other metals, 
the least stable in their composition are those in which each 
equivalent has the largest number of equivalents of oxygen. 
So, water, composed of one equivalent of oxygen and Bre of 


Now A 


hydrogen, is not changed by any slight force ; but peroxyde of | qj, / 


hydrogen, which has two equivalents of oxygen to oHe of 
hydrogen, is among the substances most easily decomposed. 

The instability on this ground belonging to animal organic 
compounds is augmented, Ist, by their containing nitrogen, 
which, among all the elements, may be called the least decided 
in its affinities, that which maintains with least tenacity its 
combinations with other elements ; and, 2ndly, by the quantity 
of water which, in their natural mode of existence, is combined 
with them, and the presence of which furnishes a most favour- 
able condition for the decomposition of nitrogenous compounds, 
Such, indeed, is the instability of animal compounds, arising 
from these several peculiarities in their constitution, that, in 
dead and moist animal matter, no more is requisite for the oc- 
currence of decomposition than the presence of atmospheric air 
and a moderate temperature; conditions so commonly present 
that the decomposition of dead animal bodies appears to be, and 
is generally called, spontaneous. The modes of such decomposi- 
tion vary according to the nature of the original compound, the 
temperature, the access of oxygen, the presence of microscopic 
organisms, and other circumstances, and constitute the several 
processes of decay and putrefaction ; in the results of which pro- 
cesses the only general rule seems to be, that the several elements 
of the original compound finally unite to form those substances 
whose composition is, under the circumstances, most stable.* 


* An interesting account of the nature of the so-called spontaneous decom- 
position of dead organic matter is given by Dr. Helmholtz (Ixxx. 1843): for 
an abstract of the paper sce xxv. 1843-4, p. 5. The experiments of Helm- 
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It is not known how far the process of decomposition which 
thus occurs in dead animal matter is imitated in the living 
body ; but the facility of decomposition which it indicates may 
be considered in the study of those chemical changes which are 
constantly effected during life tranquilly, and without the inter- 
vention of any such comparatively violent forces as are used in 
chemical art. The instability which organic compounds shew 
when dead makes them amenable to the chemical forces exer- 
cised on them during life by the living tissues—forces inimitably 
gentle, so slight that their operation is not discernible by any 
effects besides those which they produce in the living body. 


What has been said respecting the mode in which the ele- 
ments are combined in the composition of animal matter refers 
only to the four essential elements. Little or nothing is known 
of the mode in which the incidental elements, or their compounds, 
are combined with the compounds formed of the essential ele- 
ments ; only it is probable that they are combined chemically, and 
as necessary parts of the substances they contribute to form. 


Of the natural organic compounds existing in the human 
body, some occur almost exclusively in particular tissues or 
fluids ; as the colouring matter of the blood and other fluids, 
the fatty matter of the nervous organs, &c. But many exist in 
several different parts, and may, therefore, be now described in 
general terms. 

They may be arranged in two classes, namely, the azotised or 
nitrogenous, and the non-azotised or non-nitrogenous principles. 

The non-azotised principles include the several fatty, oily, or 
holtz shew, that although the results of spontaneous decomposition are modi- 
fied by the presence of infusorial organisms, yet these are not, as has been 
supposed, essential to the occurrence of the process: their existence in large 
quantities in decomposing animal matters is due to the fact, that such de- 


composition furnishes the most favourable conditions to their development and 


life. Consult, also, on this subject, Liebig, in the last edition of his Animal 
Chemistry. 
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oleaginous substances, of which, in the human body, the most 
abundant are named margarine, elaine or oleine, stearine, 
cholestearine, and cerebrine. 

The fatty substances are, nearly all, compounds of carbon, 
hydrogen, and oxygen. They burn with a bright flame, the pro- 
portion of oxygen being less than would be sufficient to form 
water with the hydrogen, or carbonic acid with the carbon, that 
they contain. They are all lighter than water, nearly all are 
fluid at the natural temperature of the body, all are insoluble in 
water, soluble in ether and boiling alcohol, and most of them 
erystallize when deposited from solution. They are neaily all 
of the kind named jived oils ; none of them is what is called a 
drying oil, i.e. none so combines with oxygen as to form a 
resin-like varnish on the substance over which it is spread. 

The oily or fatty matter which, enclosed in minute cells, 
forms the essential part of the adipose or fatty tissue of the hu- 
man body, and which is mingled in minute particles in many 
other tissues and fluids, consists of a mixture of margarine and 
oleine, the proportion of the former being the greater the higher 
the temperature at which the mixture congeals, and the firmer 
the mass is when congealed. The animal fats, or swets, that are 
firmer than human fat, contain also a substance named ste- 
arine, which remains solid at or near 130° F. Margarine 
congeals at about 120°, oleine at about 25°. Their mixture in 
human fat is a clear yellow oil, of which different specimens 
congeal at from 45° to 35° F. Margarine, when deposited from 
solution in alcohol, forms fine needle-shaped crystals ; and micro- 
scopic tufts or balls of such crystals are often found in fat-cells 
after death, especially in the fat of diseased parts and old people. 

Margarine and oleine, like all the fatty matters with which 
soaps may be made, and which are therefore named saponifiable, 
appear to consist of fatty acids combined with a base which is 
soluble in water.* When one of these fats is long boiled with 


* See on this subject Mulder (lxi.), Berzelius (xxiy.), and Redtenbacher 
(x. Aug. 1843). 
BO 
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an alkali, it is decomposed: the fatty acid, which is named mar- 
garic or oleic, according to the substance employed, unites with 
the alkali, forming a neutral soapy substance, margarate or 
oleate of soda, or potash, as the case may be; and the base of 
the fat, a sweet, syrupy substance named glycerine, remains. 
The fatty matter of human adipose tissue may therefore be re- 
garded as a mixture of margarate and oleate of glycerine. Gly- 
cerine, moreover, is considered to be an hydrated oxyde of a 
substance called Glyceryl ; and margaric acid a compound of a 
substance named margaryl with oxygen. The formula for mar- 
garine is C,,H,,O,,; that for oleine C,,H,,0,,; that for glycerine 
C,H,O; +10 (cxi. vol. i. p. 70). 

Cholesterine or Cholestearine, a fatty matter which does not 
melt below 278°, and is, therefore, always solid at the natural 
temperature of the body, may be obtained in small quantity from 
blood, bile, and nervous matter. It occurs abundantly in many 
biliary calculi; the pure white crystalline specimens of these 
concretions being formed of it almost exclusively. Minute 
rhomboidal scale-like crystals of it are also often found in mor- 
bid secretions, as in cysts, the puriform matter of softening and 
ulcerating tumours, &e. It is soluble in ether and boiling al- 
cohol; but alkalies do not change it: it is one of those fatty 
substances which are not saponifiable. Its formula is C;;H,,O 
(ixxxil. vol. i. p. 83). 

The azotized or nitrogenous principles in the human body in- 
clude two chief classes of substances, namely, the gelatinous and 
the albuminous. 

The gelatinous substances ave contained in several of the tis- 
sues, especially those which serve a passive mechanical office in 
the economy ; as the cellular or fibro-cellular tissue in all parts 
of the body, the tendons, ligaments, and other fibrous tissues, 
the cartilages and bones, the skin and serous membranes. These 
when boiled in water, yield a material, the solution of which 
remains liquid while it is hot, but becomes solid and jelly-like on 
cooling. 
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Two varieties of these substances are described, gelatine and 
‘chondrine: the latter being derived from cartilages, the former 
from all the other tissues enumerated above, and, in its purest 
state, from isinglass, which is the swimming-bladder of the stur- 
geon, and which, with the exception of about 7 per cent. of its 
weight, is wholly reducible into gelatine. The most characteristic 
property of gelatine is that already mentioned, of its solution 
being liquid when warm, and solidifying or setting when it 
cools. The temperature at which it becomes solid, the propor- 
tion of gelatine which must be in solution, and the firmness of 
the jelly when formed, are various, according to the source, the 
quantity, and the quality of the gelatine; but, as a general rule, 
one part of dry gelatine dissolved in 100 of water, will become 
solid when cooled to 60°. The solidified jelly may be again made 
liquid by heating it; and the transitions from the solid to the 
liquid state by the alternate abstraction and addition of heat, 
may be repeated several times; but at length the gelatine is so 
far altered, and, apparently, oxydized by the process, that it no 
longer becomes solid on cooling. Gelatine in solutions too weak 
to solidify when cold, is distinguished by being precipitable with 
alcohol, creasote, tannic acid, and bichloride of mercury, and not 
precipitable with the ferrocyanide of potassium. The most deli- 
cate and striking of these tests is the tannic acid, which is con- 
yeniently supplied in an infusion of oak-bark or gall-nuts: it 
will detect one part of gelatine in 5000 of water; and if the 
solution of gelatine be strong it forms a singularly dense and 
heavy precipitate, which has been named tanno-gelatine, and is 
completely insoluble in water. 

When gelatine is boiled with caustic potash, or with sulphuric 
acid, it is decomposed, and among the products of its change are 
two substances named leucine and sugar of gelatine, of which the 
latter is remarkable for its similarity to the sugars produced 
from vegetable substances, and for being susceptible of erystal- 
lization (Simon, Ixxxii. vol. 1. p. 195, and Prout, xxi. p. 455). 

Among the varieties of gelatine derived from different tissues, 
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and from the same sources at different ages, much diversity 
exists as to the firmness and other characters of the solid form- 
ed in the cooling of the solutions. The differences between 
isinglass, size, and glue in these respects are familiarly known, 
and afford good examples of the varieties called weak and strong, 
or low and high, gelatines. The differences are ascribed by Dr. 
Prout to the quantities of water combined in each case with the 
pure or anhydrous gelatine ; and part of this water seems to be 
chemically combined with the gelatine, for no artificial addition 
of water to glue would give it the character of size, nor would 
any abstraction of water from isinglass or size convert it into the 
hard dry substance of glue. But such a change is effected in the 
gradual process of nutrition of the tissues ; for, as a general rule, 
the tissues of an old animal yield a much firmer cr stronger 
jelly than the corresponding parts of a young animal of the same 
species. A similar difference is observable in the leathers formed 
by the tanning of the skins of young and old animals; a fact 
which, together with the general similarity of the action of 
tannic acid upon skin and upon gelatine, makes it probable that 
gelatine is really, (though some chemists hold the contrary, ) con- 
tained as such in the tissues from which it is obtained by boil- 
ing. The analysis of dry gelatine yields C. 50°05, H. 6:47, N. 
18°35, O. 25:13 parts in 100: its formula is stated as C,,H,,.N, 
0, Cxep, 509), 

Chondrine.—The variety of gelatine obtained from cartilages 
agrees with gelatine in that its solution in water solidifies on 
cooling, though less firmly, and is precipitable with alcohol, 
creasote, tannic acid, and bichloride of mercury. Like gelatine, 
also, it is distinguished from the albuminous substances by not 
being precipitable with ferrocyanide of potassium ; but, unlike 
gelatine, it is precipitable with acetic and the mineral and other 
acids, and with the sulphate of alumina and potash, persulphate 
of iron and acetate of lead. 

The albuminous substances are more highly or perfectly or- 
ganic, %.¢., are more different from inorganic bodies than are 
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any of the substances yet considered, or, perhaps, any in the 
body. The chief of them are, albumen, fibrine, and casein ; but 
the last being found almost exclusively in milk, will be de- 
scribed with that fluid. Principles essentially similar to them 
all are found also in vegetables, especially in the sap and fruits. 
And substances much resembling, though not classed with, the 
albuminous, are horny matter and extractive matter. 

Albumen exists in some of the tissues of the body, especially 
the nervous, in the lymph, chyle, and blood, and in many morbid 
fluids, as the serous secretions of dropsy, pus, and others. In the 
human body it is most abundant, and most nearly pure, in the 
serum of the blood. In all the forms in which it naturally 
occurs, it is combined with about six per cent. of fatty mat- 
ter, phosphate of lime, chloride of sodium, and other saline 
substances. Its most characteristic property is, that both in 
solution, and in the half solid state in which it exists in white- 
of-egg, it is coagulated by heat, and in thus becoming solid 
becomes insoluble in water. The temperature required for the 
coagulation of albumen is the higher the less the proportion of 
albumen in the solution submitted to heat. Serum and such 
strong solutions will begin to coagulate at from 150° to 170°, 
and these, when the heat is maintained, become almost wholly 
solid and opaque. But weak solutions require a much higher 
temperature, even that of boiling, for their coagulation, and 
either only become milky or opaline, or produce floceuli which 
are precipitated.* 

Albumen, in the state in which it naturally occurs, ap- 
pears to be but little soluble in pure water, but is soluble 
in water containing a small proportion of alkaliit In such 
solutions it is probably combined chemically with the alkali; it 


* For explanation of the conditions in which albumen in the urine and 
other fluids may not be coagulable by heat, see Dr. Bence Jones, Ixxi. vol. 
XXvii. p. 288. 

+ On the mode of preparing albumen soluble in water without any addi- 
tion, see Wurtz (xii, Oct. 1844). 
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is precipitated from them by alcohol, ether, nitric, and other 
mineral acids (unless when they are very dilute), by ferrocya- 
nide of potassium, (if before or after adding it the alkali com- 
bined with the albumen be neutralised,) by bichloride of mer- 
cury, acetate of lead, and most metallic salts. These precipi- 
tates are not merely solidified albumen, but compounds of 
albumen, with the acid or base added to it. In the former 
case the albumen takes the part of a base, as in nitrate of al- 
bumen ; in the latter, it takes the part of an acid, as in albu- 
minate of oxyde of mercury, lead, &e. The precipitates with 
the metallic salts are soluble in an excess of albumen, and in 
solutions of chloride of sodium and other alkaline salts; and 
it is, probably, by these means that the salts of iron, mercury, 
and other metals, taken into the blood, remain dissolved in it. 

Coagulated albumen, 7. ¢., albumen made solid with heat, is 
soluble in solutions of caustic alkali, and in acetic acid if it be 
long digested or boiled with it. With the aid of heat, also, 
strong hydrochloric acid dissolves albumen previously coagu- 
lated, and the solution has a beautiful purple or blue colour. 

The per centage composition of albumen of blood, according 
to the latest experiments of Mulder (lix. 1847, p. 83), is, carbon, 
53°4; hydrogen, 7*1 ; nitrogen, 15°6; oxygen, 22°3; phosphorus, 
0:3; sulphur, 1:3: its formula is not yet certainly known. 

Fibrine exists, most abundantly, in solution in the blood and 
the more perfect portions of the lymph and chyle; and in the 
solid state, in some part of the tissue of voluntary muscles, and 
occasionally in minute particles in the blood. (R. D. Thomson, 
xvil., April, 1846.) 

The characteristic property of fibrine is, that in certain condi- 
tions, (especially when the blood or other fluid containing it is 
taken from the living body,) it separates from its solution, and 
spontaneously assumes the solid form, or coagulates.* It is 

* A very small quantity of fibrine may be so dissolved in serous fluid that it 


will not spontaneously coagulate. The fluid of common hydrocele does not of it- 
self coagulate; but,as Dr. Buchanan (Ixxi. 1836, pp. 52, and 90 ; 1845, p. 617) 
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on this that the coagulation of the blood (a process to be fur- 
ther described hereafter) depends. If a common clot of blood 
be pressed in fine linen while a stream of water flows upon it, 
the whole of the blood-colour is gradually removed, and strings 
and various pieces remain of a soft, yet tough, elastic, and 
opaque-white substance, which consist of fibrine, impure with a 
mixture of fatty matter, lymph-corpuscles, shreds of the mem- 
branes of red blood-corpuscles, and some saline substances. 
Fibrine somewhat purer than this may be obtained by stirring 
blood while it coagulates, and collecting the shreds that attach 
themselves to the instrument, or by retarding the coagulation, 
and, while the red blood-corpuscles sink, collecting the fibrine 
unmixed with them. But in neither of these cases is the fibrine 
perfectly pure. 

The nature of the process of coagulation will be considered in 
the account of the blood: it does not appear to be attended 
with any chemical change, but is comparable with the process 
in which fluids effused from the blood-vessels in nutrition or 
inflammation assume organic form and structure. 

Chemically, fibrine and albumen cannot be distinguished. All 
the changes, produced by various agents, in coagulated albumen 
may be repeated with coagulated fibrine, with no greater differ- 
ences of result than may be reasonably ascribed to the differences 
in the mechanical properties of the two substances. Of such 
differences, the principal are that fibrine immersed in acetic acid 
swells up and becomes transparent like gelatine ; while albumen 
undergoes no such apparent change; and that deutoxyde of 
hydrogen is decomposed when in contact with coagulated fibrine, 
but not with albumen. 

Proteine. It is the opinion of Mulder that animal albumen, 
fibrine, and caseine, and the corresponding substances derived 


has shewn, if a piece of washed clot of blood, or of muscle, or some other animal 
tissue be placed in it, a filmy coagulum of fibrine will form and attach itself to 
the substance introduced. ‘The film has the filamentous appearance of proper 
fibrine-clot, and is not mixed with corpuscles, as that of blood-clot is. 
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from vegetables, are all compounds of a substance which he has 
named proteine, and believes to be composed of the four essen- 
tial elements alone. He assigns for its composition, carbon 
55, hydrogen 7:2, nitrogen 14°5, and oxygen 23-3 per cent. ; 
and for its formula, C,,H,,N,O,. Proteine may be obtained 
by dissolving albumen, fibrine, or caseine in a heated solution 
of caustic potash, (the liquor potassee of the pharmacopeia will 
suffice,) and adding to the solution enough acetic acid to neu- 
tralize it. The proteine, being insoluble in the neutral salts, 
is thus precipitated, in the form of a light greyish powdery- 
looking substance, whose reactions are very similar to those of 
coagulated albumen. 

Liebig, however, and Fleitmann (x. b. 61) deny the exist- 
ence of any such substance as proteine, on the ground that what 
Mulder so called and considered to be formed of none but the 
essential elements, always contains a certain quantity of sulphur, 
as the albumen or other substance from which it was prepared 
did. This question is yet undetermined; for since Liebig pub- 
lished his opinion, Mulder has repeated his own, and maintained 
that, though the proteine prepared as above described does con- 
tain sulphur, yet it is not in the form of elemental sulphur, but 
in that of hypo-sulphurous acid. He believes albumen, fibrine, 
and other principles of this group to be compounds of proteine 
with sulphamid and phosphamid, and that in dissolving them 
in potash-ley, these compounds are decomposed with water, 
ammonia being formed and given off, while sulphurous and 
phosphorous acids combine with the proteine (lix. 1847, p. 82). 
The question must, as yet, be thus left; but there seems suffi- 
cient probability in Mulder’s views to justify the received use of 
the term proteine-compounds, in speaking of the class, including 
fibrine, albumen, and others to which the name of albuminous 
compounds used to be applied.* 

Horny Matter.—The substance of the horny tissues, includ- 


* For an account of the oxydes and other compounds of proteine see the 
Essay of Mulder quoted above, or Canstatt’s Jahresbericht for 1847, p. 82. 
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ing the hair and nails, (with whale-bone, hoofs, and horns,) pro- 
bably consists, according to Mulder, of proteine with larger 
proportions of sulphamid than albumen and fibrine contain. 
Hair contains 10 per cent. and nails 6°8 per cent. of sulpha- 
mid. The composition of the latter is 


Gc 50°1 Of the former C. 49°9 
(ale 6°9 H 64 
N: 17°3 INS aed 
re . 22°5 0. 216 
S: 3:2 8. 5° 


The horny substances, to which Simon applies the name of 
keratine, are insoluble in water, alcohol, and ether; soluble in 
caustic alkalies, and sulphuric, nitric and hydrochloric acids ; 
and not precipitable from the solution in acids by ferrocyanide of 
potassium. 

Afucus, in some of its forms, is related to these horny sub- 
stances, consisting, in great part, of epithelium detached from the 
surface of mucous membrane, and floating in a peculiar clear 
and viscid fluid. But, under the name of mucus several various 
substances are included, of which some are morbid albuminous 
secretions containing mucus- and pus-corpuscles, and others con- 
sist of the fluid secretion variously altered, concentrated, or 
diluted. But the true chemical characters of this fluid are as 
yet incompletely known. It is generally alkaline, and, when 
the cells and other corpuscles mingled with it have subsided, is 
a pellucid fluid, containing, according to Berzelius, 5°33 per 
cent. of proper mucous matter. This is very little soluble in 
water; more soluble in water slightly alkaline, and from this 
solution is precipitated by alcohol, acetic, nitric, sulphuric, and 
hydrochloric acids. An excess of the last three acids redissolves 
the precipitates they severally throw down; and, in the acid 
solution thus formed, ferrocyanide of potassium produces no pre- 
cipitate. According to Scherer (x. b. 57), pure mucus, cleared 
of epithelium, and subtracting 4°1 per cent. of saline matter, 
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contains carbon 52:17, hydrogen 7°01, nitrogen 12°64, oxygen 
28°18. 

Extractive Matters,— Under this name are included substances 
of mixed and uncertain composition, which form the residue of 
animal matter when, from almost any of the fluids or solids of 
the body, the albuminous, gelatinous, and fatty principles have 
been removed. The remaining animal matter is mixed with 
various salts, such as lactates, chlorides, and phosphates, and is 
divisible into two principal portions, of which one is soluble in 
water alone, the other in alcohol. 

Doubtless there are in these substances many distinct com- 
pounds, of which some exist ready-formed in the body, and 
some are formed in the changes to which the previous chemical 
examinations have given rise. Some of these substances have 
received specific names, according to their most striking charac- 
ters, as osmazome and zomidine, on which the principal odour 
and taste of cooked meat appear to depend ; or according to 
their source, as ptyaline and phymatine, from the saliva and 
pancreatic fluid; and part of the extractive matter of the blood 
appears to be a compound of proteine (Ludwig, x. 1845). But 
the true composition, origin, and nature of all these substances 
are unknown. Kreatine and kreatinine, two principles which 
used to be included among the extractive matters of muscular 
tissue, have been lately studied by Liebig (liv), who has found 
them also in the urine, and has thus given additional probabi- 
lity to the suggestion of Berzelius, that the extractive matters 
are generally the products of the chemical changes that take 
place in the natural waste and degeneration of the tissues, and 
are the substances that are to be separated from the tissues for 
excretion. 


Such are the chief substances of which the human body is 
composed. They are formed mainly of the four essential ele- 
ments, and exhibit all those characters which have been men- 
tioned as peculiar to organic bodies ; but with the exception of 
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the fatty matters, and perhaps proteine, all appear to contain, 
besides the four elements, other elements, or even compound 
substances, such as phosphate of lime, chloride of sodium, or 
other salts. And all the fluids and tissues of the body appear 
to consist, chemically speaking, of mixtures of several of these 
principles, together with saline matters. Thus, for example, 
a piece of muscular flesh would yield fibrine, albumen, 
gelatine, fatty matters, salts of soda, potash, lime, magnesia, 
iron, and other substances which appear passing from the orga- 
nic towards the inorganic state, as kreatine and others. This 
mixture of substances may be explained in some measure by 
the existence of many different structures or tissues in the mus- 
cles; the gelatine may be referred principally to the cellular 
tissue between the fibres, the fatty matter to the adipose tissue 
in the same position, and part of the albumen to the blood and 
the fluid by which the tissue is kept moist. But, beyond these 
general statements, little can be said of the mode in which the 
chemical compounds are united to form an organized structure ; 
or of how, in any organic body, the several incrganic and inci- 
dental substances are combined with those that are organic and 
essential. It must suffice, therefore, to mention the several 
parts in which each of the incidental elements and of their prin- 
cipal compounds occurs. 

Sulphur* is probably, next to the essential ones, the most 
nearly constant element in organic compounds. It exists in al- 
bumen, fibrine, caseine, and gelatine, combined in all these, pro- 
bably in the elemental state, with the other elements. In largest 
proportion it is found in taurine, one of the products of the de- 
composition of biliary matter, and in the morbid product, cystic 
oxyde: of both these it constitutes about 25 per cent. Among 
the tissues, and independent of the compounds above-named as 
containing it, sulphur is most abundant in the hair, cuticle, 

* On the quantity of sulphur in different animal substances see, Ruling 
and others in Liebig’s Annalen der Chemie und Pharmacie, Bad. lviii. and Can- 
statt’s Jahresbericht for 1646, p. 90. 
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nails, and other horny tissues, and, according to Lassaigne (lv. 
Aug. 22, 1843,) in fibrous and mucous membranes. Of the 
compounds of sulphur none are known to exist naturally ex- 
cept the sulphocyanide of potassium in saliva, and the alkaline 
sulphates in the urine and sweat. The acid of the sulphates 
found in the ashes of other animal substances are formed 
during the burning, through the elemental sulphur combining 
with oxygen. 

Phosphorus is found together with sulphur, and probably 
similarly combined as an element, in albumen and fibrine, but 
not in casein. It exists also in some tissues, especially in the 
substance of the brain, from which two fatty acids, containing 
phosphorus and named oleo-phosphorie and cerebric acid, have 
been obtained ; but, most abundantly, it occurs as phosphoric 
acid in combination with alkaline and earthy bases,—as in the 
tribasic phosphate of soda in the blood and saliva, the super- 
phosphates of the muscles and urine, the basic phosphate of lime 
and magnesia in the bones and teeth. Such phosphates are 
also found in the ashes of nearly all burnt animal substances, 
even in tissues so simple that one must assume the phosphate 
to be a necessary constituent of the substance of the primary 
cell; for it is probable that these phosphates exist in the tissues 
ready formed, as they do in casein, and that they are not, like 
the sulphates found in the ashes of animal matters, produced in 
the combustion. 

Silicon. A very small quantity of silica exists, according to 
Berzelius, in the urine, and, according to Henneberg (x. Bd. 41) 
and E. Millon (xviii. 1848), in the blood. Traces of it have 
also been found in bones by V. Bibra, in hair by Van Laer, 
and in some other parts of the body (Ixv. p. 65). 

Chlorine is abundant in combination with sodium, potassium, 
ammonium, and other bases in all parts, fluid as well as solid, 
of the body. Chloride of sodium (common salt) is, indeed, pro- 
bably the most abundant of all the inorganic compounds in or- 
ganized hodies. It is also not improbable that some may exist 


THE HUMAN BODY. 21 


in the gastric fluid in the form of hydrochloric acid, either free 
or in combination with an organic principle (Schmidt, lix. 
1847, p. 102). 

Fluorine.—After the observations of Berzelius had been 
much questioned on which the existence of minute quantities of 
fluoride of calcium in the bones, teeth, and urine was ad- 
mitted, they have been fully confirmed by Dr. Daubeny and 
Mr. Middleton (xiii. vol. ii. pp. 97, 134), and more recent- 
ly by Von Bibra (Ixiv.). The salt is found in the ashes 
of all bones and teeth; and increased in quantity in fossil 
bones. 

Potassium and sodium are constituents of the blood and all 
the fluids, in various quantities and proportions. They exist in 
the forms of chlorides, sulphates, and phosphates, and probably, 
also, in combination with albumen, or certain organic acids. 
Liebig, in his Chemistry of Food, has shewn that the juice 
expressed from muscular flesh always contains a much larger 
proportion of potash-salts than of soda-salts; while in the 
blood and other fluids, except the milk, the latter salts always 
preponderate over the former; so that, for example, for every 
160 parts of soda-salts in the blood of the chicken, ox, and 
horse, there are only 40°8, 5°9, and 9°5 parts of potash-salts ; 
but for every 100 parts of soda-salts in their muscles there are 
381, 279, and 285 parts of potash-salts. 

Calcium.—The salts of lime (oxyde of calcium) are by far 
the most abundant of the earthy salts found in the human 
body. They exist in the lymph, chyle, and blood in combina- 
tion with phosphoric acid, the phosphate of lime being probably 
held in solution by the presence of phosphate of soda. Per- 
haps no tissue is wholly void of phosphate of lime; but its 
especial seats are the bones and teeth, in which, together with 
carbonate and fluate of lime, it is deposited in minute gra- 
nules, in a peculiar compound, named bone-earth, and contain- 
ing 51°55 parts of lime, and 48°45 of phosphoric acid. Phos- 
phate of lime, probably the tribasic phosphate, is also found in 
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the saliva, milk, bile, and most other secretions, and super- 
phosphate in the urine, and probably in the gastric fluid. 
(Blondlot, xvi.) 

Magnesium appears to be always associated with calcium, 
and probably exists in the same forms as it ; but its proportion 
is always much smaller, except in the juice expressed from 
muscles, in the ashes of which magnesia preponderates over 
lime. (Liebig, liv.) 

Iron. — The especial place of iron is in the haematosine, the 
colouring-matter of the blood, of which a further account will be 
given with the chemistry of the blood. Peroxyde of iron is 
found, in very small quantities, in the ashes of bones, mus-_ 
cles, and many tissues, and of lymph and chyle, albumen of 
serum, fibrine, bile, and other fluids; and a salt of iron, pro- 
bably a phosphate, exists in considerable quantity in the hair, 
black pigment, and other deeply coloured epithelial or horny 
substances. 

Manganesium.—Vauquelin believed he found a trace of the 
peroxyde of this metal in the ashes of hair and bones; but in 
the more accurate analysis of the former substance by V. Laer, 
and of the latter by V. Bibra, no mention of manganesium is 
made. It has been detected in gall stones (1xxxii. vol. 1. p. 4). 
According to M. E. Millon (xviii. 1848), it exists naturally in | 
blood. 

Aluminium also is stated (Henle, xxxvii. p. 4) to exist in 
the ashes of hair, bones, and enamel; but neither V. Laer | 
nor V. Bibra mentions it. 

Copper.—After long disputes, the general existence of copper 
in the human liver may be regarded as proved by the expe- 
riments of Orfila, Heller, and others. It exists in especial- 
ly large quantity in dark biliary calculi, and we may proba- 
bly assume that it does not enter into the proper permanent 
substance of the liver, but is contained in the bile, within the}} 
bile-cells and ducts, and is destined with it to be excreted. It 
is true, that Harless and V. Bibra have found it constantly}} 
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present in the blood, as well as in the liver, of many mollusca 
;and fish: and that in their blood it takes the place of some 
| proportion of the iron contained in the blood of other species, 
sand may be regarded as a normal, necessary constituent ; yet, 
jit seems most likely that, in the human body, both copper, man- 
}ganesium, and aluminium should be regarded as accidental 
,elements, which, being taken in minute quantities with the 
‘food, and not excreted at once with the faeces, are absorbed and 
deposited in some tissue or organ, of which, however, they form 
‘no necessary part. In the same manner arsenic and lead, 
‘being absorbed, may be deposited in the liver and other parts. 
This view is confirmed by the fact observed by Heller, that 
j although copper is frequently present in the bile of adults, yet it 
is never found in that of infants (ix. vol. ii. p.321). The re- 
/ searches of Cattanei di Momo also seemed to prove that neither 
‘copper nor lead exists in the bodies of new-born children or 
infants (xxy. 1843-4, p. 3). 


CHAPTER II. 
STRUCTURAL COMPOSITION OF THE HUMAN Bopy. 


Tue component substances of the body are commonly divided 
‘into fluids and solids. 

The fluids are, 1st, formative fluids, from which are derived 
|the materials for the formation of the solid tissues ; and, 2nd, 
tseereted fluids, which are separated from the tissues and the 
jblood, through, speaking generally, the operation of special 
jorgans, such as cells arranged in glands or membranes. 

So little can be said that would apply to all the members of 
jeither of these classes of the fluids, that a general description of 
|them would he useless ; they will therefore be considered in their 
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several more appropriate places——[See chapters on Boop, 
Lympn, Cuy xe, the several Srcretions, &c.] 

Among the solids of the body, some appear, even with the 
help of the best microscopic apparatus, perfectly uniform and 
simple ; they shew no trace of structure, 7. e. of being composed 
of definitely arranged dissimilar parts. These are named simple, 
structureless, or amorphous solids. Such are the apparently 
structureless mass composing the albumen of eggs, and the sub- 
stance called cytoblastema, or formative substance, in which the 
nuclei and cells are imbedded in many tissues in progress of 
development. Such also is the simple membrane which forms 
the walls of most primary cells, of the finest capillary blood-ves- 
sels and gland-ducts, and of the sarcolemma of muscular fibre ; 
and such the membrane enveloping the vitreous humour of the 
eye. Such also, having a dimly granular appearance, but no 
really granular structure, is the intercellular substance of the 
most perfect cartilage. 

In the solids which present determinate structure, certain 
primary forms may be distinguished, which, by their various 
modifications and modes of combination make up the tissues and 
organs of the body. Such are, 1. granules or molecules, the sim- 
plest and minutest of the primary forms. They are particles of 
various size, from immeasurable minuteness to the 10,000th of 
an inch in diameter ; of various and generally uncertain compo- 
sition, but usually so affecting light transmitted through them, 
that at different focal distances their centre, or margin, or whole 
substance, appears black. From this character, as well as from 
their low specific gravity (for in microscopic examinations they 
always appear lighter than water), and from their solubility in 
ether when they can be favourably tested, it is probable that 
most granules are formed of fatty or oily matter; or, since they 
do not coalesce as minute drops of oil would, that they are par- 
ticles of oil coated-over with albumen deposited on them from 
the fluid in which they float. (See Ascherson, Ixxx. 1848.) 
In any fluid that is not too viscid, they exhibit the phenome- 
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non of molecular motion, shaking and vibrating incessantly, 
and sometimes moving through the fluid, under the influence of 
some unknown force. 

Granules are either free, as in milk, chyle, milky serum, 
yelk-substance, and most tissues containing cells with granules ; 
or enclosed, as are the granules in nerve-corpuscles, gland-cells, 
and epithelium-cells, the pigment granules in the pigmentum 
nigrum and medullary substance of the hair; or imbedded, as 
are the granules of phosphate and carbonate of lime in bones 
and teeth. 

2. Nuclei, or cytoblasts, appear to be the simplest elementary 
structures, next to granules. They were thus named in ac- 
cordance with the hypothesis that they are always connected 
with cells, or tissues formed from cells, and that in the develope- 
ment of cells, each nucleus is the germ or centre around which 
the cell is formed. The hypothesis is only partially true, but 
the terms based on it are too familiarly accepted to make it ad- 
visable to change them till some more exact and comprehensive 
hypothesis is formed. 

Of the corpuscles called nuclei, or cytoblasts, the greater part 
are minute cellules or vesicles, with walls formed of simple 
membrane, enclosing a colourless pellucid fluid, and often one 
or more particles like minute granules, called nucleus- corpuscles, 
or nucleoli. Such vesicular nuclei, without nucleoli, are those 
of the blood-corpuscles of oviparous vertebrate animals (PI. I, 
fig. 2 and 3); and such, with nucleoli, are those of epithelium- 

‘cells and pigment-cells. But some nuclei appear to be formed 
of an aggregate of granules imbedded in a pellucid substance, as, 
for example, the nuclei of the lymph- and chyle-corpuscles. 

The composition of the nucleus is uncertain. One of its most 
general characters, and the most useful in microscopic examina- 
‘tions, is, that it is neither dissolved nor made transparent by 
sacetic acid, but acquires, when that fluid is in contact with it, a 
‘darker and more distinct outline. On this account Kdlliker 
((Ixxxiy. p. 144-5) supposes the wall of the nucleus to be com- 
C 
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posed of a proteine-compound named pyine ; its contents he also 
considers to be albumen, and the nucleoli fatty matter; but 
there is not sufficient evidence for these views, 

Nuclei may be either free or attached. Free nuclei are such 
as either float in fluid, like those in the gastric juice, which ap- 
pear to be derived from the secreting cells of the gastric glands, 
or lie loosely imbedded in solid substance, as in the grey matter 
of the brain and spinal cord, and most abundantly in some 
quickly growing tumours. 

Attached nuclei are either closely imbedded in homogeneous 
pellucid substance, as in rudimental cellular tissue; or are fixed 
on the surface of fibres, as on those of organic muscle (Plate II., 
fig. 9, A.) and organic nerve-fibres ; or are enclosed in cells, or in 
tissues formed by the extension or junction of cells, Nuclei 
enclosed in cells appear to be attached to the inner surface 
of the cell-wall, projecting into the cavity. Their position in 
relation to the centre or axis of the cell is uncertain; often, when 
the cell lies on a flat or broad surface, they appear central, as in 
blood-corpuscles, epithelium-cells, whether tesselated or cylin- 
drical ; but, perhaps, more often their position has no regular 
relation to the centre of the cell. In most instances, each cell 
contains only a single nucleus ; but in cartilage, especially when 
it is growing or ossifying, two or more nuclei in each cell are 
common; and the development of new cells is often effected 
by a division or multiplication of nuclei in the cavity of a parent 
cell ; as in blood-cells, the germinal vesicle, and others. 

When cells extend and coalesce, so that their walls form tubes 
or sheaths, the nuclei commonly remain attached to the inner 
surface of the wall. Thus they are seen imbedded in the walls 
of the minutest capillary blood-vessels of, for example, the retina 
and brain ; in the sarcolemma of transversely striated muscular 
fibres; and in minute gland-tubes. In such cases their arrange- 
ment may be irregular, as in the capillaries; or regular, as in 
the single or alternating double rows of nuclei in different 
examples of the muscular fibre. 
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Nuclei are most commonly oval or round, and do not general- 
‘ly conform themselves to the diverse shapes that the cells as- 
/ sume ; they are, altogether, less variable elements, even in regard 
| to size, than the cells are; of which fact one may see a good 
example in the uniformity of the nuclei in cells so multiform as 
| those of epithelium. But sometimes they appear to be developed 
‘into filaments, elongating themselves and becoming solid, and 
_ uniting end to end for greater length, or by lateral branches to 
form a network. So, according to Henle (xxxvii. p. 194), are 
| formed the filaments of the striated and fenestrated coats of 
| arteries, and the yellow or elastic filaments that are mingled 
| with the common filaments of cellular tissue, and with organic 
/ muscular fibre, especially in the walls of arteries. The filaments 
of the cortical substance of hair, and the seminal filaments, or 
) spermatozoids, appear to be also elongated and divided nuclei. 

8. Cells, Primary cells, or Elementary cells, are vesicles or 
iscales of larger average size than nuclei, but, like them, com- 
)posed, in the normal state, of membranous cell-walls, with, 
jusually, liquid contents, and generally round or oval. 

The cell-wall never presents any appearance of structure : it 
) appears to be sometimes a proteine-substance, as in blood-cells ; 
)sometimes a horny matter, as in thick and dried cuticle. In 
jalmost all cases (the dry cells of horny tissue, perhaps, alone 
excepted,) the cell-wall is made transparent by acetie acid, 
)which also penetrates through it and distends it, so that it can 
jhardly be discerned. But in such cases the cell-wall is usually 
snot dissolved ; it may be brought into view again by nearly 
neutralizing the acid with soda or potash. 

In some instances, the most developed state of a cell is that 
‘in which it has no nucleus, as in the mammalian blood cor- 
)puscles, in which, as will be described, the substance of the 
nucleus of the lymph- or chyle-corpuscle is gradually all appro- 
| priated and changed to the contents of the blood-corpuscle. But, 
in other instances, especially in old cells, as in those of the nails, 
the outer layers of epidermis, and the adipose tissue, the nucleus 


. 
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may disappear, wasting away; and this is, probably, always a 
sign of degeneration of the tissue, for a similar wasting of nuclei 
is commonly observed in all tissues in the state of fatty dege- 
neration. 

With the exceptions just mentioned, all the cells of the human 
body appear to contain nuclei. Sometimes the nucleus nearly 
fills the cavity of the cell, as in lymph- and chyle-corpuscles, 
in which the cell-wall lies so close round the nucleus, that it 
can hardly be seen till it is raised up by water or acetic acid 
insinuating itself between it and the nucleus; and such is the 
proportion between the nucleus and cell in young epidermis- 
cells; but more often the nucleus has a diameter from one- 
fourth to one-tenth less than that of the cell. 

The simplest shape of cells, and that which is probably the 


normal shape of the primary cell, is oval or spheroidal, as in 
eartilage-cells and lymph-corpuscles; but in many instances 
they are flattened and discoid, as in the blood-corpuscles, or 
scale-like, as in epidermis and tesselated epithelium. By mutual 
pressure they may become many-sided, as the pigment cells of 
the choroidal pigmentum nigrum and in close-textured adipose 
tissue ; they may assume a conical or cylindriform or prismatic 
shape, as in the varieties of cylinder-epithelium and the enamel- 
tubes; or be caudate, as in certain bodies in the spleen; they may 
send out exceeding fine processes in the form of vibratile cilia, 
or larger processes, with which they become stellate, or variously 
caudate, as in the large nerve- or ganglion-corpuscles, and the 
epithelium of the choroid plexuses. 

The contents of cells, including under this term all but thei 
nuclei, are almost infinitely various, according to the position. 
office, and age of the cell. In adipose tissue they are the oil 
matter of the fat, the mixture of margarine and oleine; i 
gland-cells the contents are the proper substance of the seer 
tion, bile, semen, &e., as the case may be; in pigment-cell 
they are the pigment-granules that give the colour; and in th 
numerous instances in which the cell-contents can be neith 
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‘seen because they are pellucid, nor tested because of their 
jminute quantity, they are yet, probably, peculiar in each tissue, 
‘and constitute the greater part of the proper substance of each. 
\Commonly, when the contents are pellucid, they contain gra- 
mules which float in thera; and when water is added and the 
‘contents are diluted, the granules display an active molecular 
;movement within the cavity of the cell. Such a movement 
‘may be seen by adding water to mucus- or pus-corpuscles, or to 
ithose of lymph. In a few cases the whole cavity of the cell is 
‘filled with granules: it is so in yelk-cells and milk-corpuscles, 
‘in the large diseased corpuscles often found among the products 
/ of inflammaticn, and in some cells when they are the seat of ex- 
/ treme fatty degeneration, The peculiar contents of cells may 
| be often observed to accumulate first around or directly over the 
nuclei, as in the cells of black pigment, in those of melanotic 
‘tumours, and in those of the liver during retention of bile. 

Intercellular substance is the material in which, in certain 
jtissues, the cells are imbedded. Its quantity is very variable. 
|In the finer epithelia, especially the columnar epithelium on the 
‘mucous membrane of the intestines, it can be just seen filling the 
interstices of the close-set cells; here it has no appearance of 
istructure. In cartilage and bone it_forms a large portion of the 
» whole substance of the tissue, and is either homogeneous and 
‘finely granular, or osseous, or, as in fibro-cartilage, resembles 
‘tough tendinous tissue. In some cases, the cells are very loosely 
‘connected with the intercellular substance, and may be nearly 
+ separated from it, as in fibro-cartilage ; but in some their walls 
‘seem amalgamated with it. 

The foregoing may he regarded as the simplest, and the 
jnearest to the primary, forms assumed in the organization of 
janimal matter; as the states into which it passes in becoming 
ja solid tissue living or capable of life. By the further develope- 
| ment of tissue thus far organized, according to rules which will 
| be hereafter described, higher or secondary forms are produced 


}which it will be sufficient in this place merely to enumerate 
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Such are, 4. Filaments, or fibrils——Threads of exceeding fine- 
ness, from th of an inch upwards. Such filaments are either 
cylindriform, as are those of the striated muscular (pl. ii. fig. 7 
and 8) and the fibro-cellular or areolar tissue (pl. ii. fig. 4) ; or flat- 
tened, as are those of the organic muscles (pl. ii. fig. 9), the com- 
mon elastic tissues (pl. ii. fig. 3), and the finer variety of the same 
tissue, which is commonly associated with the proper white fila- 
ments of the fibro-cellular tissue. Filaments usually lie in 
parallel fasciculi, as in muscular and tendinous tissues ; but in 
some instances are matted or reticular with branches and inter- 
communications, as are the filaments of the middle coat, and 
of the longitudinally fibrous coat of arteries; and in other in- 
stances, are spirally wound, or very tortuous, as in the common 
fibro-cellular tissue. 

5. Fibres, in the instances to which the name is commonly 
applied, are larger than filaments or fibrils, but are by no 
essential general character distinguished from them. The flat- 
tened band-like fibres of the coarser varieties of organic muscles 
and elastic tissue are the simplest examples of this form; the 
toothed fibres of the crystalline lens are more complex; and 
more compound, so as hardly to permit of being classed as 
elementary forms, are the striated muscular fibres, which consist 
of bundles of filaments inclosed in separate membranous sheaths, 
and the cerebro-spinal nerve-fibres in which similar sheaths 
inclose apparently two varieties of nerve-substance. 

6. Zubules ave formed of simple membrane, such as the mi- 
nute capillary lymph- and blood-vessels, the investing sheaths of 
striated muscular and cerebro-spinal nerve-fibres, and the base- 
ment membrane or proper wall of the fine ducts of secreting 
glands. 


Most of the tissues which are composed of these primary 
structures will be briefly described in future chapters, and 
in connection with the physiology of the organs that they 
help to form. The insertion of a system of general anatomy 
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would not further the purpose of this work; and would be 
superfluous while the student has access to such admirable 
works devoted to the subject as the Introduction to Quain’s 
Anatomy by Dr. Sharpey, the Physiological Anatomy of Dr. 
Todd and Mr. Bowman, and the various articles on the tissues 
published in the Cyclopedia of Anatomy and Physiology. 


CHAPTER III. 


VITAL PROPERTIES OF THE ORGANS AND TISSUES OF THE 
HUMAN BODY. 


Some of the actions observed in living bodies indicate the ope- 
ration of other properties and forces besides those which can be 
referred to the chemical and mechanical constitution of organ- 
ized substances. These properties being the sources of pheno- 
mena which are peculiar to living beings, are named vital pro- 
perties ; the forces issuing from them, vital forces ; the acts in 
which they are expressed, such as those enumerated at p.1, 2, 
are vital acts or vital processes; and the state in which these 
processes are displayed is Jife. 

The most general, perhaps an universal, property of living 
bodies, is that which is manifested in the ability to form them- 
selyes out of materials dissimilar from them; as when, for ex- 
ample, the ovule developes itself from the nutriment of the fluids 
of the parent,—or when a plant, or any part of one, grows by 
appropriating the elements of water, carbonic acid, and ammo- 
nia,—or when an animal subsists on vegetables, and its blood 
and various organs are formed from the materials of its food. 
The force which is manifested in these acts is termed formative 
force (assimilative, or plastic force); and the processes effected 

| by it are named assimilative, nutritive, or formative processes. 
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This power of self-formation from dissimilar materials, which 
appears to be wholly peculiar to living bodies, and without 
which, probably, none exists, manifests itself in three modes, 
which, though they bear different names, yet, probably, are only 
three expressions of one force operating in different conditions: 
they are development, growth, and assimilation, or mainte- 
nance. 

Development is the process by which each tissue or organ of 
a living body is first formed; or by which one, being already 
incompletely formed, is so changed in shape and composition as 
to be fitted for a function of a higher kind; or, finally, is ad- 
vanced to the state in which it exists in the most perfect condi- 
tion of the species. 

Growth, which commonly concurs with development and con- 
tinues after it, is, properly, mere increase of a part by the inser- 
tion or super-addition of materials similar to those of which it 
already consists. In growth, properly so called, no change of 
form or composition occurs: parts only increase in weight and, 
usually, in size; and if they acquire more power, it is only 
more power of the same kind as that which they before 
enjoyed. 

In assimilation, or self-maintenance, living bodies preserve 
their condition notwithstanding the changes to which they are 
liable through the influence of external forces and their own 
natural decay ; and the stability of composition which they thus 
display is effected by the continual formation of new particles 
in the place of those that are impaired and removed. 

The modes in which these three manifestations of formative 
power are accomplished will be considered hereafter, especially 
in the chapters on Nurrition, Secretion, and DEVELOPMENT’. 
From these it will appear that the most general, and one of the 
simplest, modes is in the formation and further development. of 
nucleated cells. The nucleated cell is the form towards which 
organizing matter most commonly tends, in which it often rests, 
and through which it usually proceeds in its further develop- 


») 


TISSUES OF THE HUMAN BODY. 33 
ments. In nucleated cells, also, are the best examples of inhe- 
rent formative power, which, not being consumed in the forma- 
tion of the cells, remains operative in them, changing them and 
their contents, and influencing the surrounding or intercellular 
substance in which they are deposited. Thus, whether it be 

‘for the preparation of materials from food which may serve to 
}the maintenance of the body, or for the construction of the 
' several tissues, or for the formation or temporary storing-up of 
_ the materials that are to be removed from the body as refuse, in 
all these, and in nearly all instances of them, the end is attained 
_ by or with the help of the formation, continued energy, or disso- 
‘lution of nucleated cells. 

The property to which is referred the formative power of 
living beings, or living parts, is, however, no simple property, 
such asthe “attraction” of mechanical science, or the “affinity” 

of chemistry. These manifest themselves in acts so simple and 
almost uniform, that the hypothesis which assumes the existence 
of such properties supplies at once the language in which their 
‘laws of action may be enunciated. But in the simplest exer- 
cise of living formative power, even in that which accomplishes 
| the formation of a cell, there is evidence of the operation of many 
| forces. Mechanical force is shewn in the determination of the 
| position, shape, and relations of the cell; chemical foree, in 
| the determination of the composition of its walls and contents : 
} and with these, or as if directing them, that vital force, different 
‘from them and from all other known physical forces, is in ope- 
‘ration, by virtue of which the cell acquires all the properties 
) that characterize the species or organ to which it is attached, 
} and becomes capable of taking part in vital processes,—even in 
such processes as those in which itself originated. 

Thus the vital formative force seems not to oppose or exclude, 
' but to include and direct the physical forces that issue from the 
/mere matter of the organic body. It may, therefore, be believed 
that every vital act is accompanied with physical changes in 
the active matter; but there is no sufficient evidence that such 
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changes ever wholly constitute or make up any of those that are 
commonly called vital acts. In all those acts or processes some 
force is exercised peculiar to the state of life, and as different 
from all recognised physical forees as they are different from one | 
another. We cannot tell how much in each act of the living 
body is physical, and how much depends on the peculiar vital 
force. The advancing knowledge of the physical sciences does, 
indeed, prove every year that effects which used to be ascribed } 
to vital forces, are due to the operation of the forces of chemistry 
and mechanics ; and it may be observed, generally, that the |} 
substances in which the processes of organic life are most ac- } 
tively carried on are those whose chemical composition is most } 
remote from that of inorganic matter. Still, many things yet 
remain, observed only in the living body, so completely de- 
pendent on the maintenance of the whole state of life, and 
so different from what physical forces ever accomplish in dead } 
matter, that we cannot refer them to the operation of those 
forces. Any hypothesis which would abolish the idea of} 
vital formative force, would be much less reasonable and useful 
than that which admits it ; indeed, unless we admit the exist-} 
ence of such a force in the processes of organic life, and adopt 
the language which the hypothesis suggests, it is hardly possible 
to express the ordinary facts of physiology. 

2. Contractility may be reckoned a second vital property. It} 
consists in the power which certain tissues have, during life, of 


contracting or shortening themselves in a_ peculiar manner. |} 
- 


Such contractility is usually and best observed in fibrous tissues, i 
as in muscles and some kinds of fibro-cellular tissue; but it? 
may be seen, also, in cells and collections of them, as in the}} 
muscles of embryoes, while they yet consist of cells, and before ! 
any fibres are developed in them. | 

The peculiar contraction of muscular and other organic tissues}} 
differs from the contraction of which dead and inorganic matterg 
is capable, both in its modes and in the conditions that give} 
rise to it. The modes of contraction will be described hereafter :f] 
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ithe conditions are not only such previous elongation as would 
jbe followed by contraction in any elastic body, but various 
‘slight changes, such as those produced by the contact of foreign 
/matters, variations of temperature, electricity, &c. These, and 
| whatever will give rise to the peculiar contractions in the organic 
| tissues, are called stimuli. 

That which most characterizes the contractility of animal 
| tissues is, that the contraction may be excited by the applica- 
tion of a stimulus to the nerves that ramify in them; and, 
indeed, it is generally through the nerves that the stimulus 
/ which produces a contraction is conveyed. In the chapter on 
| the Muscres it will be shewn that the property of contractility 
is inherent in the tissues that contract, and is essentially inde- 
| pendent of their nerves; so that contraction may take place 
| without the co-operation of the nerves. Therefore, the whole 
| property of irritability, including both the capacity of receiving 
)a direct stimulus and the power of contracting in consequence 
| thereof, may be ascribed to the muscles and other contractile 
| tissues. But, in the ordinary conditions of life, the nerves may 
| be said to be necessary to contractions, because, in these condi- 
| tions, it is only through the medium of nerves that a stimulus 
/ is applied to the contractile tissues, and when the nerves are 
| destroyed contractions do not naturally ensue. 

The modes in which stimuli are applied to, and their effects 
‘conveyed along, nerves to the contractile parts, will be described 
)in the chapter on the Nervous System. One mode is essentially 
' characteristic of animals; that, namely, wherein the contractile 
| tissues are made to act by a Mind, an Anima; which, having 
i knowledge of the existence of the body, consciousness of power, 
sand will to exercise it, acts on the nervous system,* and 


* It does so, at least, in all animals in which a nervous system can be 
} demonstrated. In those in which none has been yet seen, it must be doubt- 
} ful whether the mind can directly influence the contractile tissues, or whether 
}Some nervous material exists which we cannot discover, but through which 
| the mind of the animal can act. 
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through it on the contractile tissues: thus voluntary motion is 
produced. 

3. The power of conducting or transmitting stimuli or im- 
pressions which, in the foregoing paragraphs, has been ascribed 
to the nerves, constitutes another peculiar vital property. It 
belongs to the nervous system alone,* and may be said to con- 
sist in this,— that the state, or change, which is produced in the 
fibre of a nerve by the application of a stimulus of any kind, 
may be propagated through the whole length of the fibre, so 
that every part thereof shall, with immeasurable rapidity, be 
brought into the same state as the part first stimulated. Thus 
the stimulus, or rather the change or impression produced by it, 
is said to be conducted by the nerve; in the same way as it is 
said electricity is conducted along a wire, although at the instant 
of contact with the source of electricity the whole wire becomes 
at once electric. 

A peculiar force is generated by the change thus produced in 
nerves, the effect of which force, when the nerve conveys it to 
a muscle, is shewn by the muscle contracting with a force which, 
other things being equal, is directly proportionate to the intensity 
of the stimulus. The same force, generated by stimulating 
nerves, may also be shewn by changes in organic processes ; as 
when secretions are augmented, diminished, or altered, in states 
of nervous excitement. The force thus developed in the nerves 
has been named vis nervosa, but there is an objection to the use 
of the term, since some appear to think that force is exercised 
only when the conduction takes place towards muscles, and 
that in that case the force itself is in some way transferred from 
the nerves to the muscle. But a safer hypothesis appears to be 
that which holds that a peculiar force is generated whenever a 
nerve is stimulated ; and which ascribes to all nerves alike the 
power of conducting impressions ; @. e. of propagating the changes 
produced by stimuli, and the force issuing therefrom. Adopt- 
ing this hypothesis, we may believe that the different conse- 


* Sce note in preceding page. 
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quences of such conducted force depend on the various connections 
of the conducting nerve-fibres with the nervous centres and 
contractile parts, on the nature and strength of the stimulus, and 
on other circumstances external to the nerves. 

When an impression is conveyed from any part of the body, 
along a nerve, to the brain, the mind may take cognizance of 
it: what the mind thus becomes conscious of is called a sensa- 
tion ; and the act of the mind noticing it, perception ; and all 
parts through the nerves of which such sensations may be de- 
rived are called sensible or sensitive parts. But in the use of 
the Jatter terms it must be remembered that they mean only 
that certain parts are capable of giving rise to sensations. The 
mind alone is sentient and percipient ; neither tissues, nerves, 
nor brain, could of themselves, or from any property or change 
of which they are capable, become in any sense conscious of 
their condition. 

Such appear to be the peculiar properties of living animal 
matter. It is all capable of self-formation, and the various 
modes of formation constitute the principal functions of the 
organic life of the animal. Some of the living tissues are, also, 
capable of peculiarly contracting; and the nervous tissue is 
capable of peculiarly conducting the changes or impressions 
made on it by certain stimuli. These two properties, in their 
various modifications, are exercised especially in the animal life, 
and it is by means of these that the mind becomes cognizant of 
the condition of the body, and through it, of some of the pro- 
perties of things that act on it, as well as able to will the move- 
ments of its several parts. 


CHAPTER IV. 
THE BLOOD. 


THE processes enumerated in the first division of the phe- 
nomena of Organic Life have their end or purpose in the 
formation, movement, and purification of the blood. The physi- 
ology of the blood must, therefore, precede the consideration of 
these subservient processes. 

Wherever blood can be seen as it flows in the vessels of a living 
part, it appears a colourless fluid, containing minute particles, 
the greater part of which are red, and give the blood its colour. 
The fluid is named liquor sanguinis ; the particles are the 
blood- and lymph-corpuscles, or cells. 

When blood flows from the living body, it is a thickish heavy 
fluid, of bright scarlet colour when it comes frorm an artery ; 
deep purple, Modena, or nearly black, when it flows from a vein. 
Its specific gravity at 60° F. is, on an average, 1055, that of 
water being reckoned as 1000; and the extremes consistent 
with health being, according to Nasse, 1050 and 1059 (xv. 
vol. 1, p. 82). Its temperature is, generally, 100° F.; it has 
a slight alkaline reaction; and emits an odour similar to that 
which issues from the skin or breath of the animal from which 
it flows, but fainter. 

The above-mentioned differences of colowr in arterial and 
venous blood are sometimes not to be observed. If blood runs 
very slowly from an artery, as from the bottom of a deep and 
devious wound, it is generally as dark as venous blood. In 
climates of high temperature also, the arterial blood is dark and 
hardly to be distinguished from venous blood (John Davy, Ixxxv. 
vol. ii. p. 140). In persons nearly asphyxiated, also, and 
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sometimes under the influence of chloroform or ether, the arte- 
rial blood becomes like the venous. But in all these cases the 
dark blood becomes bright on exposure to the air. 

The specific gravity of men’s blood is, on an average, rather 
greater than that of women’s, because of the larger proportion 
of red-corpuscles in the former; that of robust persons, for the 
same reason, is greater than that of the feeble. It is always 
diminished by bleeding; and so quickly, that in a single venesec- 
tion the specific gravity of a portion of the blood last drawn is 
often less than that of the blood that flows first. (J. Davy, 
Ixxxy. vol. il. p. 28: Polli, xci.) The specific gravity of blood 
is increased in diseases attended with great watery discharges, 
as cholera and diabetes; but with these exceptions, a specific 
gravity above the natural standard would generally indicate 
a disease attended with plethora, or excess of the animal 
constituents of blood, and a low specific gravity, a disease of 
debility or exhaustion. 

The alkaline reaction is said to be a constant character of 
blood in all animals and under all circumstances. An excep- 
tion has been supposed to exist in the case of menstrual blood; 
but the acid reaction which this sometimes presents is due 
to the mixture of an acid mucus from the uterus and vagina. 
Pure menstrual blood, such as may be obtained with a specu- 
lum, or from the uteri of women who die during menstruation, 
is always alkaline, and resembles ordinary blood. (Whitehead, 
Ixxxvi.) 

The odour of blood is easily perceived in the watery vapour, 
or halitus as it is called, which rises from blood just drawn: it 
may also be set free, long afterwards, by adding to the blood a 


/ mixture of equal parts of sulphuric acid and water. It is not 


] 
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difficult to tell, by the likeness of the odour to that of the body, 
the species of domestic animal from which any specimen of 
blood has been taken: the strong odour of the pig or cat, and 
the peculiar milky smell of the cow, are especially easy to be 
thus discerned in their blood. (Barruel, Ixxxvi. No. 1) 
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Coagulation of the Blood. 


When blood is drawn from the body, and left at rest, certain 
changes ensue which constitute a kind of rough analysis of it, 
and are instructive respecting the nature of some of its con- 
stituents. After about ten minutes, taking a general average 
of many observations, it gradually clots or coagulates, becom- 
ing solid, like a soft jelly. The clot thus formed has at first 
the same volume and appearance as the fluid blood had, and, 
like it, looks quite uniform: the only change seems to be that 
the blood which was fluid is now solid. But presently, drops 
of transparent yellowish fluid begin to ooze from the surface of 
the solid clot ; and these gradually collecting, first on its upper 
surface, and then all around it, the clot, diminished in size, but 
firmer than it was before, floats in a quantity of yellowish fluid, 
which is named serum, and the quantity of which may continu- 
ally increase for from twenty-four to forty-eight hours after the 
clotting of the blood. 

The changes just described may be thus explained. The 
Liquor sanguinis, or liquid part of the blood, consists of serum, 
holding fibrine in solution. The peculiar property of fibrine, as 
already said (p. 14), is its tendency to become solid when at 
rest, and in some other conditions. When, then, a quantity of 
blood is drawn from the vessels, the fibrine being (in the normal 
state) equally diffused through the whole mass, coagulates, and 
serum and blood-corpuscles are held, or, as it were, soaked and 
entangled in the solid substance which it forms. 

But after healthy fibrine has thus coagulated, it always con- 
tracts ; and what is generally described as one process of coagu- 
lation should rather be regarded as consisting of two parts or 
stages; namely, first, the simple act of clotting, coagulating, or 
becoming solid ; and, secondly, the contraction or condensing of 
the solid clot thus formed. By this second act, much of the 
serum which was soaked in the clot is gradually pressed out; 
and this collects in the vessel round the contracted clot. 
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Thus, by the observation of blood within the vessels, and of 
ithe changes which commonly ensue when it is drawn from 
‘them, we may distinguish in it three principal constituents, 
mamely, Ist, the fibrine, or coagulating substance, which has 
‘been also called the lymph, or coagulating lymph of the blood ; 
2nd, the serum, in which the fibrine before its coagulation was 
‘dissolved; 3rd, the blood- and lymph-corpuscles. 

That the fibrine is the only spontaneously coagulable mate- 

rial in the blood, may be proved in many ways ; and, most 
simply, by any means by which a portion of the liquor sangui- 
‘nis, 7. e. the serum and fibrine, can be separated from the red 
corpuscles before coagulation. This separation is always ef- 
‘fected when coagulation is retarded beyond the usual time, or 
when the red corpuscles, which have a higher specific gravity 
than the other constituents of the blood, sink more rapidly than 
usual. Coagulation may be retarded by cold, or by drawing 
the blood into a vessel containing oil, so that as the oil floats 
over it it may be excluded from the air. The red corpus- 
‘cles, also, sink quickly in blood drawn from patients with in- 
‘flammatory diseases, and in horses’ blood. In any of these 
eases the red corpuscles may be observed; while the blood is 
jyet fluid, to sink below its surface; and the layer beneath 
‘which they have sunk, and which has usually an opaline or 
jgreyish-white tint, will coagulate without them, and form a 
/white clot consisting of fibrine alone, or of fibrine with entan- 
igled white corpuscles ; for the white corpuscles, being very light, 
)tend upwards towards the surface of the fluid. The layer of 
) white clot which is thus formed rests on the top of a coloured 
‘clot of ordinary characters, 7. e. of one in which the coagulating 
' fibrine has entangled the red corpuscles while they were sinking ; 
jand, thus placed, it constitutes what has been called a buffy coat, 

It is also by the action of the fibrine alone that the contrac- 
| tion of the clot is effected, and the contraction is greatest when 
jit is least hindered by particles enclosed in the solid fibrine. 
}Hence, when a buffy coat is formed in the manner just 
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described, it commonly contracts more than the rest of the clot 
does, and, drawing in at its sides, produces that cupped appear- 
ance on the top of the clot which is often characteristic of the 
existence of inflammation. 

It is thus evident that the coagulation of the blood is due 
to its fibrine. We are not able to explain certainly why 
fibrine coagulates ; but the most reasonable hypothesis is, that 
its coagulation is a process of organization—a spontaneous as- 
sumption of organic form and structure which, in favourable 
conditions, would be the first step towards the formation of a 
more highly organized tissue. The principal evidence for this 
view is as follows :— 

1. When the coagulation of fibrine is observed with the mi- 
croscope (and this may be easily done in a minute portion of — 
liquor sanguinis taken when the red corpuscles are subsiding), — 
it appears, when first solidified, soft and quite homogeneous ; 
but gradually, while it becomes tougher, it acquires the appear- 
ance of a closely matted or felt-like mass of fine white pliant 
fibrils, in which scattered granules and white corpuscles are 
imbedded. Such a filamentous structure, with filaments sepa- 
rable by minute dissection, is observable in all well-formed 
fibrine clots, and is characteristic of organization ; at least, such 
structures are not seen in inorganic matter, or in organic matter 
artificially coagulated, as albumen ; but they are found in the 
more lowly organized tissues, such as that of the membrane 
of egg-shell (Carpenter, xcili. 1844, p. 1), organizing lymph, 
some of the least developed tumours, &c. 

2, The coagulation of fibrine is hardly, if at all, distinguish- 
able from that of lymph effused in inflammation. Both alike 
spontaneously coagulate in the same mode, and acquire the 
same simple structure ; both alike contract after coagulation ; 
and generally, when lymph effused in any case of inflammation 
has little tendency to organization, the fibrine of the patient’s 
blood coagulates very weakly and imperfectly. It is on the 
whole probable that the lymph of inflammatory effusion is the 
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fibrine of the blood only somewhat modified by the disease. But 
the lymph, after coagulating, goes on to more perfect organiza- 
tion, and becomes a vascular tissue ; the fibrine shews no such 
further change, at least in blood drawn from the body. Yet, 
seeing that the coagulation of the lymph is the first step in its 
organization, it appears reasonable to regard the similar change 
in the fibrine as also organization, and to explain the subsequent 
difference between them by the difference of their external con- 
ditions. The lymph continues to be organized, being placed 
among living organizing parts that may supply it with the 
necessary materials for its support; the fibrine does not so con- 
tinue, having none of these, perhaps essential, advantages. 

8. The coagulation of blood out of the body is not different 
from its coagulation, under certain conditions, within the 
body, as ¢.g., when the circulation through a vessel is ob- 
structed by a ligature, or when blood is effused from its vessels 
into an adjacent cavity or tissue. And there is sufficient evi- 
dence that, in many cases, when the blood thus coagulates in 
contact with healthy living tissues, its coagulation is the first 
step towards a more complete organization, and the formation 
of vascular tissue; just as the coagulation of the lymph effused 
in inflammation is the beginning of its complete organization. 
The instances in which this organization of blood, or rather of 

' the fibrine of blood, has been best observed, are those in which 
the blood coagulates above a ligature on an artery, and forms 
there what is called the conical clot. Such a clot gradually 
loses its colour by the disintegration of the red corpuscles; by 
the absorption of its serum it becomes firmer and drier; then it 

acquires the structure of fine filamentous tissue, and a supply of 

_blood-vessels ; it is more and more intimately united with the 
walls of the vessel, and at length forms part of the fibrous cord 

_ by which, finally, the obliterated portion of the artery is replaced. 

In this process, which has been minutely examined by Zwicky 

| (Ixxxix.), the changes through which the fibrine of the blood 
| passes are, in all essential respects, similar to those which 
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constitute the organization of lymph into false membrane or 
adhesions. Doubtless, the process is similar by which effused 
blood is, in many other cases, organized; as, for example, in 
apoplexy of the cerebral membranes, in which a thin layer of 
blood having coagulated may be traced through stages of organ- 
ization till it is nearly all formed into a tough membrane lining 
the dura mater; or in which, when the effusion of blood is 
more abundant, a layer on the surface of the clot may form a 
sac or cyst of finer membrane, vascular and transparent like the 
arachnoid, and enclosing the rest of the blood (see especially Dr. 
G. Burrows, Ixxi. 1835; and Mr. P. Hewett, xli. 1845). Such 
organization of clots of blood is also seen in certain tumours 
attached to the interior of the heart, and more rarely of the 
arteries, as well as in the formation of phlebolithes, or vein- 
stones, and of the cords by which veins after slight phlebitis, as 
in phlegmasia dolens, are often obstructed or obliterated.* 

Such is the principal evidence for ascribing the coagulation of 
blood to the organization of the fibrine. It is true that blood, 
when it coagulates in the living body, does not always pro- 
ceed to further organization ; but this may be ascribed to the 
failure or absence of certain conditions favourable or perhaps 
essential to the process. Of such conditions the principal are, 
Ist, that the blood should be free from the changes induced 
by certain diseases, as typhus, bronchitis, and other affections 
attended with dyspnea; 2nd, that it should be little, if 
at all, exposed to the air; 3rd, that, when it coagulates, 
it should be in contact with healthy, or nearly healthy, parts ; 
and 4th, that the clot should be not so large but that it may all 
be near the living parts. It is probably for want of the third 
condition that the clots in aneurismal sacs and in cerebral apo- 
plectic effusions are not further organized; the parts with 


* Most Museums contain such specimens. In the Museum of the Royal 
College of Surgeons, Nos. 12, 1528, 1732, 1733, 1742, may be referred to: 
in that of St. Bartholomew’s Hospital, Nos. 1 and 3 in Series yi. ; 107 in 
Ser, xiii., 45 and 49 in Ser. xiv. 
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which they lie in contact being hardly able to maintain their 
own nutrition, or to repair the damages they have themselves 
sustained. And, in very large effusions, the distance of the 
central part of the clot from the living tissues seems too great 
to admit of its further organization ; just as, in morbid growths, 
the central parts are apt to degenerate through the insufficiency 
of the supply of materials for their nutrition. 

It may be added, that arterial blood is, on the whole, more 
likely to be completely organized than venous blood is. Effused 
venous blood often remains for many days or weeks without 
coagulating; arterial blood very rarely does so (Garengeot, xcii. 
tome ii.) ; and clots of venous blood, when partially organized, 
are very liable to deposits of calcareous matter; a form of de- 
generation which is seldom or never observed in organized clots 
of arterial blood. 

The evidence that coagulation of blood is due to the organiza- 
tion of its fibrine justifies Mr. Hunter’s expression that “ coagu- 
lation is an operation of life ;” (1. vol. 11, n. 84) for he here used 
the term ‘‘life” in the same sense as that in which one speaks 
of a live egg, or a live seed, implying not an active state of life, 
but the capacity of developing and acquiring higher organization 
in conditions favourable to life. And the fact that the coagula- 
tion of blood may be suspended for any length of time by freez- 
ing it, or by adding to it large quantities of alkaline salts, is no 
more a disproof of Mr. Hunter’s doctrine than the fact that eggs 
are not developed except at a certain temperature is a proof that 
they are incapable of development. Nothing more is proved by 
such a fact, than that certain external conditions are necessary 
for the perfect performance of these as of all other “ operations 
of life.” 


Conditions affecting Coagulation. 


Although the coagulation of fibrine is, like other processes of 
organization, spontaneous, yet it is liable like them, to be modi- 
fied by the conditions in which it is placed, such as tempera- 
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ture, motion, the access of air, the substances with which it is 
in contact, the mode of death, &c. All these conditions need 
to be considered in the study of the coagulation of the blood. * 

Cold retards the coagulation of blood, and it is said that, so 
long as blood is kept at a temperature below 40° F., it will not 
coagulate at all. Freezing the blood, of course, prevents its co- 
agulation; yet it will coagulate, though not firmly, if thawed 
after being frozen; and it will do so even after it has been 
frozen for several months. Coagulation is accelerated, but the 
subsequent contraction of the clot is hindered, by a temperature 
between 100° and 120°: a higher temperature retards coagula- 
tion, or, by coagulating the albumen of the serum, prevents the 
coagulation of the fibrine. 

fest is favourable to the coagulation of blood. Blood of 
which the whole mass is kept in uniform motion, as when a 
closed vessel completely filled with it is constantly moved, co- 
agulates very slowly and imperfectly. But rest is not essential 
to coagulation; for the coagulated fibrine may be quickly ob- 
tained from blood by stirring it with a bundle of small twigs ; 
and whenever any rough points of earthy matter or foreign 
bodies are introduced into the blood-vessels, the blood soon co- 
agulates upon them. Neither is rest sufficient for the coagula- 
tion of the blood when other conditions are unfavourable ; for 
coagulation is very slow in the body after death, although the 
blood is motionless. 

The free access of air is, perhaps, of all external conditions 
that which is most favourable to coagulation. It is supposed 
to be so, by favouring the exhalation of carbonic acid from the 
blood; for many experiments by Dr. Polli (xe. April, 1843) 
seem to shew that, the more freely carbonic acid can be evolved, 
the quicker is the coagulation of the blood ; and that the larger 
the quantity of the same gas contained in the blood, the slower 
is its coagulation. The same conclusion is made probable by 

* The fullest accounts of them all are given by Nasse (xv. vol. i, Art. Blut.) 
and Gulliver in his Edition of Hewson’s works for the Sydenham Society. 
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‘the blood coagulating very slowly when placed in carbonic 
jacid, but as quickly as usual in hydrogen or nitrogen, into which 
‘earbonic acid may be evolved as freely as into atmospheric air. 
|The conclusion, however, is not yet sure; for Dr. John Davy 
isays that carbonic acid is not evolved from coagulating blood 
(Ixxxy. vol. li. p. 86). 

Whatever be the explanation, many facts shew that coagula- 
‘tion is accelerated by the free access of air, and retarded by the 
opposite condition. Thus, it is quick when blood is drawn 
slowly, and slow when it is drawn quickly ; because in the 
‘former case the blood is more fully exposed to the atmosphere 
‘than in the latter. To this also we may refer it that coagula- 
‘tion is quicker in shallow, than in tall and narrow, vessels; be- 
seause in the former a larger surface of blood is exposed to the 
jair; and to this (at least principally) that the blood in the dead 
‘body often remains fluid for from twelve to twenty-four hours 
jafter death, and then coagulates within a few minutes after it 
‘is let out of the vessels and exposed to the air. Yet, favourable 
jas the access of air may be, we cannot regard the change that it 
‘produces as in any sense the cause of the coagulation of the 
‘blood ; for coagulation will take place in a vacuum, and in the 
‘most remote parts of the body, into which we cannot suppose 
\that free atmospheric air can make its way either during life or 
jafter death, as, for example, in the brain. 

Lastly, the multiplication of points of contact seems a favour- 
sable condition for coagulation. Thus, when all other conditions 
sare unfavourable, the blood will coagulate upon rough bodies 
| projecting into the vessels ; as, for example, upon threads passed 
|through arteries or aneurismal sacs, on the heart’s valves rough- 
jened by inflammatory deposits, or calcareous accumulations. 
| And, perhaps, this may explain the quicker coagulation of blood 
jafter death in the heart with walls made irregular by the fleshy 
jcolumns, than in the simple smooth-walled arteries and veins. 

It has been believed, and chiefly on the authority of Mr. 
| Hunter, that, after certain modes of death, the blood does not 
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coagulate: he enumerates the deaths by lightning, over-exer- 
tion (as in animals hunted to death), blows on the stomach, fits 
of anger. He says, “I have seen instances of them all.” 
Doubtless, he had done so; but the results of such events are 
not constant. The blood has been often observed coagulated in 
the bodies of animals killed by lightning or an electric shock ; 
and lately, Mr. Gulliver (Ixxi. vol. xli. p. 1087) has pub- 
lished instances in which he found clots in the hearts of hares 
and stags hunted to death, and of cocks killed in fighting. 


The Blood-Corpuscles, or Blood-Cells. 


It has been already said that the clot of blood contains, with 
the fibrine and the portion of the serum that is soaked in it, the 
blood-corpuscles, or blood-cells. Of these there are two principal 
forms, the red and the white corpuscles, of which the latter are 
in process of being developed into the former. When coagula- 
tion has taken place quickly, both kinds of corpuscles may be 
uniformly diffused through the clot; but, when it has been 
slow, the red corpuscles, being the heaviest constituent of the 
blood, tend by gravitation to accumulate at the bottom of the 
clot ; and the white corpuscles, being among the lightest consti- 
tuents, collect in the upper part, and contribute to the formation 
of the buffy coat. 

The human red blood-corpuscles (pl. 1, fig. 1) are circular 
flattened cells, varying in diameter from gos5 to yah5 Of an inch, 
and about yiso of an inch in thickness.* Their borders are 
rounded ; their surfaces, in their most perfect and usual state, 
slightly concave; but they readily acquire flat or convex surfaces 
when the liquor sanguinis being diluted, they are swollen by ab- 
sorbing more fluid into their cavity. They are composed of a 
delicate, and probably colourless, membranous cell-wall, which 
encloses a peculiar substance impregnated with the red colouring 


* Mr. Gulliver has given, in his Edition of Hewson’s works, p. 237, a table 
of the sizes of the red corpuscles in numerous species of vertebrate animals, 
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imatter, or hematine. Their cell-walls are tough and elastic ; 
‘so that, as they circulate, they admit of elongation and various 
ichanges of form in adaptation to the vessels, yet recover their 
natural shape as soon as they escape from compression. They 
‘have no nuclei, and their contents are probably homogeneous ; 
iat least they appear so, when their surfaces are flat or slightly 
‘convex ; it is only when they are concave that the unequal re- 
fraction of transmitted light gives the appearance of a central 
‘spot, which is brighter or darker than the border according as it 
‘is viewed in or out of focus. 

In examining a number of red corpuscles with the micro- 
iscope, it is easy to observe certain natural diversities among 
them, though they be all taken from the same part. The great 
majority, indeed, are very uniform; but some are larger than 
these, and the larger ones generally appear paler and less ex- 
actly circular than the rest ; their surfaces also are, usually, 
‘flat or slightly convex, they often contain a minute shining 
jparticle like a nucleolus, and they are lighter than the rest, 
‘floating higher in the fluid in which they are placed. These 
differences are connected with the development of the blood-cor- 
puscles, and will be explained in the account of that process. 
Other deviations from the general characters assigned to the 
corpuscles depend on changes that occur after they are taken 
from the body. Very commonly they assume a granulated 
form, in consequence, apparently, of a peculiar corrugation of 
their cell-walls. The larger cells are much less liable to this 
change than the smaller ones are, and the natural shape may be 
westored by diluting the fluid in which the corpuscles float ; by 
such dilution the corpuscles, as already said, may be made to 
swell up by absorbing the fluid; and, if much water be added, 
they will become spherical and pellucid, their colouring matter 
being dissolved, and, as it were, washed out of them. Some of 
them may thus be burst; the others are made obscure; but 
many of these may be brought into view again by evaporating, 
or adding saline matter to, the fluid, so as to restore it to its 
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previous density. The changes thus produced by water are more 
quickly effected by weak acetic acid, which immediately makes 
the corpuscles pellucid, but dissolves few or none of them, for 
the addition of an alkali so as to neutralize the acid will restore 
their form, though not their colour.* 

A peculiar condition of the red corpuscles in inflammatory 
blood—a condition which appears to exist naturally in the blood 
of horses—is the principal cause of the formation of the buffy 
coat. It gives them a great tendency to adhere together in 
rolls or columns, like piles of coins, and then, very quickly, 
these rolls fasten together by their ends, and cluster ; so that, 1 
when the blood is spread out thinly on a glass, they form a kind 
of irregular network, with crowds of corpuscles at the several 
points corresponding with the knots of the net.t Hence, the 
clot formed in such a thin layer of blood looks mottled with — 
blotches of pink upon a white ground: in a larger quantity of . 
such blood, as soon as the corpuscles have clustered and collected 
in rolls (that is, generally in two or three minutes after the 
blood is drawn), they begin to sink very quickly ; for in the 
aggregate they present less surface to the resistance of the liquor 
sanguinis than they would if sinking separately. Thus quickly | 
sinking, they leave above them a layer of liquor sanguinis, and — 
this coagulating forms a buffy coat, the volume of which is aug- | 
mented by the white corpuscles, which have no tendency to — 
adhere to the red ones, and by their lightness float up clear of 
them. 


The white corpuscles are much less numerous than the red 
ones. On an average, in health, there may be one white to 
fifty red corpuscles ; but, in disease, the proportion is often as 


* On the effects of various reagents on the blood see Gulliver (xxviii.), 
Nasse (xv. art. Blut) ; and on those produced by gases see Harless (ciii.). 

+ The appearance is represented by Mr. Wharton Jones (xciv. vol. lx. p. 
311), who first very accurately described it. See also, for some interesting 
facts connected with it, Gulliver in his edition of Hewson’s Works, | 
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high as one to ten. They present greater diversities of form 
than the red ones do ; but the gradations between the extreme 
forms are so regular that no sufficient reason can be found for 
supposing there is, in healthy blood, more than one species of 
white corpuscles. In their most general appearance they are 
circular and nearly spherical, about 54,5 of an inch in diameter, 
tuberculated on their surfaces (fig. 1, A). They have a greyish, 


Fig. \* 


pearly look, appearing variously shaded or nebulous, the shading 
being much darker in some than in others. They seem to be 
formed of some white substance, variously refracting the light, 
and containing granules which are in some specimens few and 
very distinct, in others (though rarely) so numerous that the 
whole corpuscle looks like a mass of granules. 

In a few instances, a distinct cell-membrane can be at once 
traced round a corpuscle thus composed ; but, much more com- 
monly, none can be demonstrated, till water or diluted acetic 
acid being added penetrates the corpuscle, and lifts up and dis- 
tends a cell-wall, to the interior of which the material, that be- 
| fore appeared to form the whole corpuscle remains attached as 
the nucleus of the cell. Thus these corpuscles are demonstrated 
to be nucleated cells, the nuclei of which are soft, granular, or 
tuberculated masses, and fill the cavities of the cells. The di- 
versities presented by the nuclei, which, by the action of water, 
are sometimes scarcely changed, sometimes broken into two or 
‘three pieces (fig. 1, C), and sometimes completely disintegrated 
nd diffused through the cell, appear to be connected with the 


* Fig. 1. White corpuscles of the blood. a. A corpuscle in its natural 
condition. B and c. Different appearances produced by the action of diluted 
facetic acid. 
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development of the corpuscles, and will be again referred to. 
So will the relation between the white and the red corpuscles. 
(See page 67.) 


The Serum. 


The serwm is the liquid part of the blood remaining after the 
coagulation of the fibrine. In the usual mode of coagulation, 
part of the serum remains soaked in the clot, and the rest, 
squeezed from the clot by its contraction, lies around and over 
it. The quantity of serum that appears around the clot de- 
pends partly on the total quantity in the blood, but partly also 
on the degree to which the clot contracts. This is affected by 
many circumstances: generally, the faster the coagulation, the 
less is the amount of contraction ; and, therefore, when blood 
coagulates quickly, it will appear to contain a small proportion 
of serum. Hence, the serum always appears deficient in blood 
drawn slowly into a shallow vessel, abundant in inflammatory 
blood drawn into a tall vessel. In all cases, too, it should be 
remembered, that, since the contraction of the clot may continue 
for thirty-six or more hours, the quantity of serum in the blood 
cannot be even roughly estimated till this period has elapsed. 

The serum is an alkaline, slimy or viscid, yellowish fluid, 
often presenting a slight greenish or greyish hue, and with a 
specific gravity of from 1025 to 10380. It is composed of a 
mixture of various substances dissolved in about nine times their 
weight of water. It contains, indeed, the greater part of all 
the substances enumerated as existing in the blood, with the 
exceptions of the fibrine, globuline, and heematine. Its prin- 
cipal constituent is albumen, of which it contains about 8 per 
cent., and the coagulation of which, when heated, converts 
nearly the whole of the serum into a solid mass. The liquid 
which remains uncoagulated, and which is often enclosed in 
little cavities in the coagulated serum, is called serosity : it 
contains, dissolved in water, fatty, extractive, and saline mat- 
ters, and a compound somewhat resembling albumen, but not 
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coagulable, which Mulder considers to be a tritoxide of proteine 
(Lxi).* 


Chemical Composition of the Blood. 


Among the many analyses of the blood that have been pub- 
lished some, in which all the constituents are enumerated, are 
inaccurate in their statements of the proportions of those consti- 
tuents ; others, admirably accurate in some particulars, are in- 
complete.t The two following tables, constructed chiefly from 
the analyses of Denis, Lecanu, Simon, Nasse, Lehmann, Becque- 
rel, Rodier, and Gavarret, are designed to combine, as far as 
possible, the advantage of accuracy in numbers with the con- 
venience of presenting at one view a list of all the constituents 
of the blood. 


Average proportions of the principal constituents of the blood 
in 1000 parts :— 


Water . ‘ é . ; 3 a fons 
Red corpuscles c 7 . B F 131: 
Albumen of serum ‘ : ; ; s (02 
Saline matters 4 i 5 7 6:03 
Extractive, fatty, and other matters ; 677 
Fibrine F : I : oie 
1000° 


Average proportions of all the constituents of the blood in 
1000 parts :— 


Water . ; = : 3 R « (84: 
Albumen 70° 
Fibrine . : A ° . A é 2:2 
Red Corpuscles : 
Globuline . ; . . ’ . 123°5 
Hematine . A . % 75 


* See the translation of parts of this work in the London Medical Gazette 
Feb., Sept., and Oct., 1844. 

+ An exception may be made in favour of the complete analyses of the 
blood of man and several animals lately published by Poggiale (xviii, t. 
xxy. p. 110). 
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Fatty matters : 


Cholestearine ; .» 0°08) 
Cerebrine : ; Or4 
Seroline . . - 0°02 ; 1:3 
Oleic and margaric acids 
Volatile and odorous fatty acid 
Fat containing phosphorus. 
Inorganic salts : 
Chloride of sodium A ° ; ° 3°6 
Chloride of potassium : ° : 0°36 
Tribasic phosphate of soda. ce a ° 0°2 
Carbonate of soda . : Q . - 0°84 
Sulphate of soda ; : : se ° 0:28 
Phosphates of lime and magnesia . : : 0°25 
Oxyde and phosphate of iron . . : d 05 
Extractive matter, with salivary matter, urea, biliary 
colouring matter, gases, and accidental substances : 5°47 
1000: 


Elementary composition of the dried blood of the ox :— 


Carbon 5 : 5 : f 57:9 per cent. 
Hydrogen : ; - ; ; 71 
Nitrogen. : : 5 : 174 
Oxygen : ; : : «Ore 
Ashes : : ; 4 ‘ 44 


These results of the ultimate analysis of ox’s blood afford a 
remarkable illustration of its general purpose as supplying the 
materials for the renovation of all the tissues. For the same 
analysts (Playfair and Boeckmann) have found that the flesh 
of the ox yields the same elements in so nearly the same pro- 
portions, that the elementary composition of the organic consti- 
tuents of the blood and flesh may be considered identical, and 
may be represented for both by the formula C,;H,,N,0,;. 

After what has been said of many of the constituents of the 
blood, in the chapter on the CurmicaL ComposITION OF THE 
Bopy, a few words on each of the principal of them may here 
suffice. 
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The zater of the blood is subject to hourly variations in its 
quantity, according to the period since the taking of food, the 
- amount of bodily exercise, the state of the atmosphere, and all the 
other events that may affect either the ingestion or the excretion 
of fluids. According to these conditions it may vary from 700 
to 790 parts in the thousand. Yet uniformity is on the whole 
- maintained ; because nearly all those things which tend to lower 
the proportion of water in the blood, such as active exercise, or 
the addition of saline and other solid matter, excite thirst ; 
while, on the other hand, the addition of an excess of water to 
the blood is quickly followed by its more copious excretion in 
sweat and urine. And these means for adjusting the proportion 
of the water find their purpose in maintaining certain important 
physical conditions in the blood; such as its proper viscidity, 
and the degree of its adhesion to the vessels, through which it 
ought to flow with the least possible resistance from friction. 
On this also depends, in great measure, the activity of absorp- 
tion by the blood-vessels, into which no fluids will quickly 
penetrate, but such as are of less density than the blood. Again, 
the quantity of water in the blood determines, chiefly, its vo- 
lume, and thereby the fulness and tension of the vessels, and 
the quantity of fluid that will exude from them to keep the 
tissues moist. Finally, the water is the general solvent of all 
the other materials of the liquor sanguinis, and its abundance 
greatly favours organic chemical action: for generally, and 
within limits of health, the amount of action in the organic life 
of the several parts of the body is in direct proportion to the 
quantity of water they severally contain. Compare e. g. in 
these respects, the bones or tendons with the muscles ; or any 
tissue with the blood; or any of the tissues of young animals 
with the same in old ones: in all such cases, abundant water 
appears connected with activity of organic life. 

It is remarkable that the proportion of water in the blood 
may he sometimes increased even during its abstraction from an 
artery or vein. Thus Dr. Zimmerman (ix. vol. iv. p. 385), in 
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bleeding dogs, found the last drawn portion of blood contain 
12 or 13 parts more of water in 1000 than the blood first 
drawn: an? Polli (xci.) notices a corresponding diminution in 
the specific gravity of human blood during venesection and 
has suggested the only probable explanation of the fact, 
namely, that during bleeding, the blood-vessels absorb very 
quickly a part of the serous fluid with which all the tissues are 
moistened. 

The albumen may vary, consistently with health, from 60 to 
70 parts in the 1000 of blood. The form in which it exists 
in the blood is not yet certain. It may be that of simple solu- 
tion as pure albumen: but it is, more probably, in combination 
with soda, as an albuminate of soda; for, if serum be much 
diluted with water, and then neutralized with acetic acid, pure 
albumen is deposited. Another view, entertained by Enderlin, 
(x. March and April, 1844,) is that the albumen is dissolved in 
the solution of the tribasic phosphate of soda, to which he con- 
siders the alkaline reaction of the blood to be due, and solutions 
of which can dissolve large quantities of albumen and phosphate 
of lime. 

Fibrine.—The proportion of fibrine in healthy blood may 
vary between 2 and 3 parts in 1000. In some diseases, such 
as typhus, and others of low type, it may be as little as 1°034 5 
in other diseases, it is said, it may be increased to as much as 
7°528 parts in 1000. But, in estimating the quantity of fibrine, 
chemists have not taken account of the white corpuscles of the 
blood. These cannot, by any mode of analysis yet invented, be 
separated from the fibrine of mammalian blood: their composi- 
tion is unknown, but their weight is always included in the 
estimate of the fibrine. In health, they may, perhaps, add too 
little to its weight to merit consideration: but in many diseases, 
especially in inflammatory and other blood-diseases in which 
the fibrine is said to be increased, these corpuscles become so 
numerous that a large proportion of the supposed increase of the 
fibrine must be due to their being weighed with it. On this 


_ — 
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account all the statements respecting the increase of fibrine in 
certain diseases need revision. 
The quantity of fibrine appears to be, generally, rather greater 


in arterial than in venous blood; and to be less in the blood 
_ of the splenie and portal veins than in ordinary venous blood. 
- According to Denis, the fibrine of venous blood differs from that 


of arterial in that, when it is fresh and has not been much ex- 
posed to the air, it may be dissolved in a slightly heated solution 
of nitrate of potash. Mulder considers that the apparent pecu- 


_ liarity of the fibrine of arterial blood is due to the mixture of 


oxydes of proteine, formed as often as the blood traverses the 
lungs: and that these, also, constitute part of the buffy coat 
and apparent increase of fibrine in inflammatory diseases. 

Globuline, and Hematine or Hematosine, mixed in a com- 
pound which has been named Hcemato-globulin or Cruor, 
constitute the substance contained in the red blood-corpuscles. 
The cell-walls of these minute bodies cannot, indeed, be com- 
pletely separated from their contents, or chemically distinguished 
from the globuline: and hence, perhaps, the diversity in the 
statements respecting the proportions of globuline and hematine. 
Berzelius states the proportion of haematine at 5.8 per cent. of 
the compound; Schmidt (x. No. Lxi. p. 165) at 12°41 per 
cent. having, perhaps, more completely separated the walls 
from the contents of the blood corpuscles. 

Globuline appears to be a proteine-compound. According to 
Simon (Lxxxii. vol. i. p.81) it bears most resemblance to caseine, 
on which account he named it caseine of blood; but Liebig and 
others regard it as more similar to albumen. It is soluble in 
water, and its solution, when heated, forms a granular coagu- 
lum. Its composition, according to Mulder, is, - 


Carbon F ; . : A = 54-11 
Hydrogen . : : ; 5 : (oly 
Nitrogen ‘ 15:7 
Oxygen ; F : F : « 20:62 
Sulphur ; ; 4 ; c é 26 


58 THE BLOOD. 


But the chemical nature of globuline cannot be exactly deter- 
termined, because it cannot be obtained quite pure from either 
heematine or the membranous walls of the blood-cells, the 
mixture of which, as Henle suggests (xxxvii. p. 55), is pro- 
bably sufficient to explain its apparent differences from common 
albumen, 

Hematosine or Zematine, is distinguished from all other ani- 
mal matter by its peculiar blood-colour, and by the changes 
which this colour presents when, being incorporated in the 
blood-corpuscles, it is exposed to oxygen, carbonic acid, and 
other gases. It is soluble in water, by which, as already 
said, it may, with the globuline, be washed out of the blood-cor- 
puscles: and from this solution it is precipitated by most me- 
tallic salts, and by concentrated acids. In the living, or recent, 
state of the blood-corpuscles the heematine is confined within 
their cell-walls, and appears to be insoluble in the serum ; but 
when the blood begins to decompose, and the cell-walls, losing 
their texture, permit the outward passage of their contents, 
both the hematine and the globuline are dissolved in the serum, 
which thus becomes blood-coloured, and may impart its tinge to 
the surrounding parts. With the globuline, also, hematine 
appears to he coagulated by heat; but, according to Mulder, it 
is only enclosed in the coagulum of the globuline, without being 
itself coagulable. In the purest state in which it can be ob- 
tained,* it is so far changed as to be insoluble in water, of a 
deep blackish-brown colour, and not liable to change of colour 
on exposure to gases. Boiling aleohol will dissolve small quan- 
tities of it, and it is freely soluble in alcohol acidulated with 
sulphuric, hydrochloric, or nitric acid, and in weak solutions of 
potash, soda, or ammonia. 

According to Mulder, pure haematine consists of 

Carbon - : » . : 65°84 per cent. 
Hydrogen ; é ; : : 5°37 

* On the several modes of obtaining it, see Simon (Lxxxii.), Fownes (1x.), 

Griffiths (cii.), and Garrod (xxx, 1848, yol. i. p. 654). 
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Nitrogen. : ; : . 104 
Oxygen : : : : ae lloras 


Tron . ; . . . 6°64 
and he assigns for its formula, C,,H,,.N,0,Fe. 

The presence of so large a proportion of iron constitutes a 
) peculiar feature in hematine. The mode in which the metal ex- 
ists in it has been much discussed. By some it is supposed to be 
in the form of an oxyde, or a salt, or in the form of peroxyde in 
arterial blood, and carbonate of the protoxyde of iron in venous 
‘blood. (Liebig, xi.) But the greater probability is, that the iron 
is combined as an element with the four essential elements, in 
the same manner as, it is held, sulphur is combined with them 
in albumen, fibrine, cystic oxyde, &e. The principal evidence 
for this view, which is especially supported by Scherer and 
Mulder, is, 1. that when chlorine, which would not decompose 
, an oxyde of iron, is passed through a solution of hematine, chlo- 
' ride of iron is formed, and the iron thus removed from the 
other elements of the hamatine, is replaced by chlorous acid ; 
2, that all the iron may be removed from hematine by sul- 
phuric acid, without abstracting from it any of its oxygen 
which would not be possible if the iron were more intimately 
united with the oxygen than with the other elements of the 
_ hematine; 3. that pure hematine may be exposed for several 
_ days to the action of dilute hydrochloric or sulphuric acid, with- 
out any loss of its iron; though these acids would dissolve an 
_ oxyde of iron or decompose a carbonate. 

The peculiar colour of heematine depends less on the iron than 
on its other constituents, for, as Scherer and Mulder have shewn, 
heematine may retain its colour after all the iron is extracted 
from it. Therefore the changes of colour produced by respira- 
tion, and the contact of gases with the blood, cannot be referred 
_ to any change in the state of the iron in the hematine. It is, 
indeed, very doubtful whether the rapid change of colour which 
is effected in respiration, and on the contact of various gases, 
can be referred to any chemical changes whatever in the ha- 
_matine ; much more probably, it is due to changes in the form 
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of the blood-corpuscles and their consequently different modes of 
reflecting and transmitting light. For, 1. the changes of colour — 
produced by carbonic acid and oxygen mixed with a solution of 
the colouring matter of the blood are very slight; they are 
generally scarcely perceptible, and when they are seen they are 
slowly produced, or are not more than may be explained by the 
action of the gases on some corpuscles still suspended in the 
solution ; 2. the same changes of colour as are produced by 
carbonic acid and oxygen acting on the corpuscles, may be pro- 
duced by distilled water, and strong solutions of alkaline salts. 
A black clot of blood becomes at once scarlet by washing it 
with salt, and is not blackened again by carbonie acid; a 
scarlet one is made black by washing it with distilled water, and 
is only very slowly reddened again by the contact of oxygen. 
Now, the changes thus produced by salt and by water acting on 
the corpuscles, are not produced by the addition of the same 
substances to a solution of hamatine, and are not connected 
with any chemical change in that substance or in the corpuseles ; 
but they are connected with alterations in the shape of the red 
corpuscles, for saline solutions, if denser than the liquor san- 
guinis, contract and shrivel up the corpuscles, making them 
deeply bi-concave; and distilled water has the contrary effect, 
swelling out the corpuscles, and making them thickly bi-convex 
or spherical. Changes corresponding with these are produced by 
the contact of oxygen and of carbonie acid with the corpuscles : 
the former contracting them, and making their cell-membranes 
thick and granular; the latter dilating them, and thinning, and 
finally dissolving their cell-walls; and effecting these changes in 
a degree which, however slight it may appear in a single cor- 
puscle, is enough to account for the change of colour in a mass 
of blood. Herein, then, is a sufficient explanation of the 
changes that the corpuscles undergo, without supposing any 
immediate chemical alteration in the hematine; an alteration 
which should take place as well ina solution of heematine as in 
the corpuscles. 
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The opinion that the instantaneous change of colour which 
takes place in blood exposed to the action of oxygen or carbonic 
acid is due to a physical rather than a chemical alteration in 
the corpuscles, is quite consistent with the probability that the 
corpuscles are chemically changed by the longer action of those 
gases dissolved in the blood. It appears that entire blood will 
absorb much more oxygen than either serum or liquor sanguinis 
alone will; as if it were chiefly with the corpuscles that the 
absorbed oxygen combines. If this be true, we may conclude, 
from the whole, that the oxygen, by first contracting the cor- 
puscles and thickening their walls, makes them so reflect light 
as to appear, in mass, bright-red, and then chemically combines 
with them; and that carbonic acid, by dilating them and thin- 
ning their walls, makes them reflect less light, and appear, in 
mass, nearly black; but we have no means of determining 
how large a portion of the oxygen inspired combines with the 
corpuscles, nor whether that portion combines with the hama- 
tine or the globuline, or equally with both.* 

The enumeration of the fatty matters of the blood makes it 
probable that most of those which are found in the tissues or 
secretions exist also ready-formed in the blood ; for it contains 
the cholestearine of the bile, the cerebrine and phosphorized fat 
of the brain, and the margaric and oleic acids of common fat. 
The fat named seroline appears to be peculiar to the blood. 
The volatile fatty acid is that on which the odour of the blood 
mainly depends; and it is supposed, that when the sulphuric 
acid is added (see p. 39), it evolves the odour by combining 
with the base with which, naturally, this fat is neutralized. 

The fatty matters of the blood are subject to much variation 
in quantity, being commonly increased after every meal in which 
fat, or starch, or saccharine substances have been taken. At 


* The treatises on this subject are discussed by Scherer in his several re- 
ports in Canstatt’s Jahresberichte since 1844. The chief original works are 
those of Scherer, Bruch, and Reuter, in Henle and Pfeufer’ 


; 4 s Zeitschrift from 
1843 to 1847 ; Donders, Harless, Marchand, and Mulder. 
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such times, the fatty particles of the chyle, added quickly to the 
blood, are only gradually assimilated ; and their quantity may 
be sufficient to make the serum of the blood opaque, or even 
milk-like.* 

Of the inorganic constituents of the blood,—the substances 
which remain as ashes after its complete burning—one may ob- 
serve in general their small quantity in proportion to that of 
animal matter contained in it. Those among them of peculiar 
interest are the phosphate and carbonate of soda, and the phos- 
phate of lime. 

It appears most probable that the blood owes its alkaline 
reaction to both these salts of soda. The existence of the tri- 
basic phosphate, a salt consisting of one equivalent of phosphoric 
acid with two of soda and one of basic water, (PO; + 2N,0+ HO) 
was proved by Enderlin. (x. 1844.) His experiments shewed 
that the alkaline reaction of the blood, and of solutions of its 
ashes, could not depend, as some had supposed, on free soda ; 
and seemed to prove also, that the blood could not contain an 
alkaline carbonate. He, therefore, concluded that the alkaline 
reaction of the blood is wholly due to the tribasie phosphate of 
soda, and Liebig has supported this view by shewing that it is 
impossible to evolve any carbonic acid by adding hydrochloric 
acid to a very concentrated solution of the alkaline salts of the 
blood. But Marchand (exxiv. vol. 37, p. 321), Lehmann (tix. 
1847, p. 88), and others, explain this by the fact that the car- 
bonic acid being evolved in a solution so capable of absorbing 
that gas as one of the tribasic phosphate of soda would be at 
once dissolved therein, and would not appear as gas escaping. 
A recent very careful series of analyses, by Lehmann seem to 
haye proved the existence of both the carbonate and the tribasie 
phosphate in the blood, and that they are, jointly, the source of 
its alkaline reaction. The quantities of the alkaline salts set 
down in the table at page 54 are adopted from his analysis. 

* On the subject of milky serum, see Dr. R. D. Thomson (xxx. May, 
1845), and Dr. Buchanan (1xxi. Oct. 1844). 
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In illustration of the characters which the blood may derive 
‘from the phosphate of soda, Liebig points out the large ca- 
‘pacity which solutions of that salt have of absorbing carbonic 
jacid gas, and then very readily giving it off again when agi- 
‘tated in atmospheric air, or when the atmospheric pressure 
is diminished. It is probably also by means of this salt that 
‘the phosphate of lime is held in solution in the blood in a form 
in which it is not soluble in water, or in a solution of albumen.* 

Of the remaining constituents of the blood,—the oxyde and 
| phosphate of iron referred to exist in the liquor sanguinis, inde- 
| pendent of the iron in the corpuscles. What concerns the urea 
| present in healthy blood, will be stated in speaking of the secre- 
tion of uRINE: the existence of biliary colouring matter in it 
will be referred to in the section on BILE; and the gases it con- 
tains in the chapter on RESPIRATION. 


Vital Properties and Actions of the Blood.t 


The life of the blood is manifested, as already said, in its co- 
agulation, and the subsequent more perfect organization which 
it may attain when it coagulates among healthy living tissues. 
But, in a higher degree, its life is shewn in its development 
and self-maintenance, in its liability to idiopathic disease and 
death, and in the purpose and relation which connect it with 

the other living parts. 

In the development of the blood, little more can be traced 
than the processes by which the corpuscles and fibrine are formed. 


* The student will do well to refer to the interesting observations of Liebig 
in his Chemistry of Food, respecting the mode in which the phosphate A 
is formed for the blood of herbivorous animals who take, in their food, phos- 
_ phate of potash and chloride of sodium: and respecting the mutual action of 


the alkaline phosphate in the blood and the acid phosphate in the juice of 
the muscles. ‘ 


of soda 


+ The following portion of this chapter contains an abstract of part of the 
etapa on the Life of the Blood, delivered by Mr. Paget, at the College of 
Surgeons, in May, 1848. 
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In all the Vertebrata, two sets of red corpuscles are developed 
at different periods of life: a first set, which exist alone in the 
blood, till lymph and chyle begin to be formed; and a second 
set, which are formed from the lymph- and chyle-corpuscles, and 
gradually supersede the first set. The corpuscles of the first 
set are, in the first instance, part of the embryo-cells which form 
the mucous or vegetative layer of the embryoes in Mamma- 
lia and birds, and the whole inner surface of the vitelline mem- 
brane, in the embryoes of fish and reptiles. In the latter class, 
certain of these cells are laid out in the plan of the future heart 
and chief blood-vessels, before the walls of those organs are yet 
formed, and before the blood has begun to move. As described by 
Vogt (ev.), Kolliker (xxxi. 1846) and Cramer (Lxxx. 1848, p. 
631), they are large colourless vesicular spherical cells full of yel- 


lowish particles of a substance like fatty matter (fig. 2. A.); many 
of which particles are quadrangular and flattened, and have been 
called stearine-plates, though they are not proved to consist of 
that or any other unmixed fatty substance. Among these par- 
ticles each cell has a central nucleus, which, however, is at first 


* Fig. 2. Development of the first set of blood-corpuscles in the Batra- 
chian larva. a. An embryo-cell filled with fatty-looking particles. B, ©, D, 
and &. Successive stages in the transition of the embryo-cell to a blood- 
corpuscle, as described in the text. F. A fully-formed blood-corpusele. 
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much obscured by them. The development of these embryo-cells 
into the complete form of the corpuscles is effected by the 
gradual clearing up, as if by division and liquefaction, of the 
contained particles, the acquirement of blood-colour, and of the 
elliptical form, the flattening of the cell, and the more promi- 
ment appearance of the nucleus. The changes are so slowly 
‘accomplished in the tadpole of the frog, and in other batrachian 
sembryoes, that they may be easily traced in the blood while it 
flows in their transparent parts; a similar process appears 
to occur in the development of the blood-corpuscles of fish 
(Vogt, civ.), and there is little doubt that a similar one ob- 
jtains in birds, though, since it is completed in the first forty 
hours of incubation, it is very difficult to trace it in all its succes- 
sive stages. We have, however, seen in the heart of the chick, 
‘after from thirty to forty hours’ incubation, some colourless 
| spherical cells, with fatty-looking particles and granules, exactly 
similar to those of the mucous layer of the germinal area of the 
‘ovum. With these were others, which appeared to be of the 
)same origin but to have undergone changes similar to those 
above-described ; a clearing up of the fatty particles, acquire- 
‘ment of colour, reduction of size, and more distinet appearance 
of the nucleus. The assumption of the flattened elliptical form 
—oceurs in birds at a later period. 
In mammalian embryoes, also, the earliest blood-corpuscles 
_ appear to be a portion of the cells of the vegetative or mucous 
layer of the germinal area. They are large, spherical or oval, 
pellucid and colourless, nucleated, and full of minute granules 
(Fig. 3. A). In these we have observed (as KGlliker (xxxill. 
-1846,) Fahrner (evi.) and others have done,) a process of mul- 
tiplication by bi-partition of the nucleus, each half of which, 
either by appropriating half the cell, or by developing a cell 
around itself, becomes the central nucleus of a new cell differ- 
ing from the parent-cell from which it escapes, in little except 
in being smaller and more generally circular (B, C, and Dy. 
The subsequent changes of these cells resemble those already 
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described ; they gradually acquire the blood-colour, their granules 
disappear, and their surfaces become smoother and more uniform 
(E and F). 


It seems, moreover, that in the mammalian corpuscles, these 
changes may ensue as well during, as after, the multiplication 
by partition of the nucleus: for red corpuscles are not unfre- 
quent in mammalian embryoes containing two nuclei, and we 
have seen some with three, and even four, nuclei. 

The development of the first set of blood-corpuscles appears, 
thus, to be uniform in all the classes of Vertebrata ; namely, in 
all, from the embryo-cells of the vitelline membrane or germinal 
area, into nucleated red blood-cells ; the principal visible changes } 
being the disappearance of granules or fatty-looking substance, 
the greater prominence of the nucleus, and the acquirement of 
colour. And, in their most perfect state, the corpuscles of the 
the first set are in all the vertebrate classes nucleated cells. 
Those of the human embryo are circular, thickly disk-shaped, 


* Fig. 3. Development of the first set of blood-corpuscles in the mammalian | 
embryo, A. A dotted, nucleated embryo-cell in process of conyersion into a 
blood-corpuscle: the nucleus provided with a nucleolus. 8. A similar cell 
with a dividing nucleus ; at c, the division of the nucleus is complete ; at D, 
the cell also is dividing. . A blood-corpuscle almost complete, but still con- 
taining a few granules. rr. Perfect blood-corpuscle. 
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full-coloured, and, on an average, about gjsth of an inch in 
diameter; their nuclei, which are about sth of an inch in dia- 
meter, are central, circular, very little prominent on the surfaces 
f the cell, and apparently slightly granular or tuberculated. 
(n a few instances, cells are found with two nuclei; and such 
tells are usually large and elliptical, with one of the nuclei 
near each end of their long axis. 

When, in the development of the embryo, the lymph and 
chyle begin to be formed and added to the blood, their corpuscles 
are developed so as to supersede those produced in the manner 
just described. In some species (as in the frog) the first ap- 
pearance of lymph- and chyle-corpuscles in the blood exactly 
corresponds with the time at which the external branchie dis- 
appear; in others, as in the chick, rabbit, ferret, and sheep, 
their appearance coincides with the closure of the branchial 
fissures.* After they have once appeared the new blood-cor- 
puscles appear to be derived exclusively through them. For 
some time, indeed, the two sets of corpuscles appear mingled in 
the blood. In this case, in Mammalia, the white corpuscles of 
the first set (if any remain in this stage) are distinguished from 
those of the second set, by their larger size, distinct cell-walls, 
small well-defined central nuclei, and their pellucid contents 
with very minute scattered dots or granules; and the red cor- 
puscles of the first set are always characterised by their larger 
size and their nuclei, which, if not at once distinct, are rendered 
so by the addition of water. But, gradually, while the corpus- 
cles of the second set are increasing, those of the first disappear, 
and we believe they would not be found in a human embryo of 
‘more than two months old, unless in cases of arrested develop- 
‘ment: in such an one, where the abdominal walls were incom- 


* These instances prove a frequent coincidence in the development of the 
jblood by the production of a new set of corpuscles through lymph and chyle 
and of the respiratory apparatus by the suppression of the external branchial 
jorgans. Butin the Triton punctatus we have found lymph-corpuscles in the 
jblood while its long-retained external branchiz: still exist. 
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plete, we found the two sets of corpuscles mixed in the blood of 
a foetus between three and four months old. 

The origin and first formation of the lymph and chyle and of 
their corpuscles will be described in the chapter on ABSORPTION; 


the structure of the corpuscles (which are the white or colourless — 
corpuscles of most writers, the granule-cells of Mr. Wharton — 


Jones) is described already (p. 50.) In the different vertebrate 
classes there is much greater similarity in these corpuscles than 
in the red blood-corpuscles of the second set. Except for some 
difference of size, the same general description might apply to 
all; and some features in the development are alike in all, 


namely, the gradual clearing up, as if by deliquescence, of their — 


granular contents, and a commensurate acquirement of colour. 
But, while in the corpuscles of the oviparous Vertebrata the 


outer part alone of their granular contents thus clears up, and — 


the central part remains as the small nucleus of the complete 
blood-cell, in man, and all Mammalia, the whole of the contents 
clear up, acquire a uniform colour, and become tiie homogeneous 
contents of a cell without a nucleus. 

The principal steps in the development of the human lymph- 
or chyle-corpuscle into the red corpuscle, may be traced in speci- 
mens of blood in which these white corpuscles are numerous. 
The white corpuscle, at first tuberculated, containing many 
granules, and darkly shaded (fig. 4, A), becomes smoother, paler, 
less granular, and more dimly shaded or nebulous (fig. 4, B): 
changes corresponding with those which Mr. Wharton Jones de- 
scribes as from the coarsely to the finely granular stage of the 
granule-cell (xxiii. 1846). In these stages, the cell-wall may 
be easily raised from its contents by the contact and penetration 
of acetic acid, or by the longer action of water (fig. 4, C); and, 
according to the stage of development, so, as already stated, are 
the various appearances which the contents of the cell thus 
acted on present. In the regular progress of deyelopment, it 
becomes at length impossible to raise the cell-wall from its con- 
tents. Then the corpuscles acquire a pale tinge of blood-colour ; 
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nd this always coincides with the softening of the shadows 
hich before made them look nebulous, and with the final 
Fig. 4.* 


E 4b 


vanishing of all the granules, with the exception sometimes of 
me which remains some time longer like a shining particle in 
the corpuscle, and has probably been often mistaken for a nu- 
leus (fig. 4, E). The blood-colour now deepens, and at the same 
rate the corpuscles become smooth and uniform ; biconcave, having 
sreviously gradually changed the nearly spherical form for a 
enticular or flattened one; smaller, apparently by condensation 
if their substance, for at the same time they become less amen» 
‘ble to the influence of water ; more liable to corrugation and 
‘o collect in clusters; and heavier, so that the smallest and 
ullest-coloured corpuscles always lie deepest in the field. Thus 
‘he most developed state of the mammalian red corpuscles ap- 
pears to be that in which it is full-coloured, circular, biconcave, 
small, uniform, and heavy: this also is the state in which they 
uppear to live the longer and most active portion of their lives, 
This mode of development of new blood-corpuscles from those 


* Fig. 4. Development of human lymph- and chyle-corpuscles into blood- 
sorpuscles. A. A lymph- or white blood-corpuscle. 3. The same in process 
of conversion into a red-corpuscle. c. A lymph-corpuscle with the cell-wall 
raised up round it by the action of water. pb. A lymph-corpuscle from which 
she granules have almost all disappeared. £. A lymph-corpuscle acquiring 
colour ; a single granule, like a nucleus, remains. ¥. A red corpuscle fully 
leveloped. 
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of the lymph and chyle, continues throughout life. New cor- 
puscles never appear to be produced from the germs of old ones: 
when a corpuscle is past its perfection, it degenerates, and pro- 
bably liquefies. The changes of such degeneration have not 
been clearly seen in mammalian corpuscles; but they are pro- 
bably nearly similar to what occur in those of fish and reptiles, 
in which the old and degenerate corpuscles appear perfectly 
white and pellucid (not shaded or granular, like the lymph- 
corpuscles), smaller than they were, and, in some instances, 
cracked, or as if eroded. The nuclei appear to degenerate with 
the cells, but, because of their darker and harder outlines, re- 
main longer distinct, and often look like free nuclei, unless the 
dim cell-wall round them be carefully searched for. But in this _ 
process no germ for a new corpuscle issues from the transient 
cell. Every new corpuscle forms itself in and from the mate- 
rials of the lymph and chyle, and is perfected in the blood; and 
the blood is maintained by constant repetitions of this process. 
Herein, also, is provision for the welfare of the body: for, if 
the blood-corpuscles were, like many cells, derived from germs 
formed in their predecessors, then every loss of blood would in- 
volve the loss, not only of the corpuscles escaping at the time, 
but of all those that, in after time, should have descended from 
the lost ones and their germs. But new blood being made from 
lymph and chyle, its losses to any amount can be repaired, pro- 
vided the processes for the formation of those fluids are not 
disturbed. 

The development of fibrine appears to proceed commen- 
surately with that of the second set of corpuscles. In the 
earliest state of the chyle, no fibrine exists; but when chyle- 
corpuscles are formed, the fluid in which they float is spontane- 
ously coagulable; and the fibrine, whose existence is thus 
proved, appears to increase as the chyle proceeds onwards to the 
blood, and passes through the lacteal glands. Yet, in the most 
perfect chyle and lymph the fibrine is less abundant, and co- 
agulates less firmly, than in the blood: we may therefore 
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ssume that its development, like that of the corpuscles, is 
erfected in the blood itself. 


From what has been said, it will have appeared that when 
Nhe blood is once formed, its growth and maintenance are 
'ffected by the constant repetition of the development of new 
»ortions. In the same proportion as the blood yields its mate- 
fjials for the maintenance and repair of the several solid tissues, 
ind for secretions, so are new materials supplied to it in the 
yymph and chyle, and, by development, made like it. The 
wart of the process which relates to the formation of new cor- 
»uscles and fibrine has been described; but it is probably only 
_ small portion of the whole process : for the assimilation of the 
sew materials to the blood must be perfect, in regard to all 
those immeasurably minute particulars by which the blood is 
idapted for the nutrition of every tissue, and the maintenance 
of every peculiarity of each. How precise the assimilation must 
ve for such an adaptation, may be conceived from some of the 
sases in which the blood is altered by disease, and, by assimi- 
mation, is maintained in its altered state. For example, by the 
msertion of vaccine matter, the blood is for a short time mani- 
‘estly diseased ; however minute the portion of virus, it affects 
und alters, in some way, the whole of the blood. And the 
Llteration thus produced, inconceivably slight as it must be, is 
song maintained ; for, even very long after a successful vaccina- 
tion, a second insertion of the virus may have no effect, the 
»wlood being no longer amenable to its influence, because the 
aew blood, formed after the vaccination, is made like to the 
vlood as altered by the vaccine virus; in other words, the blood 
-xactly assimilates to its altered self the materials derived from 
the lymph and chyle. So, in all probability, are maintained 
he morbid states of the blood which exist in syphilis, and 
many other chronic diseases: the blood, once inoculated, retain- 
mg, by the exactness of its assimilation, the taint which it re- 


-eived, though, after a time, it may not have in it one of the 
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particles on which the taint first passed. In health we cannot 
see the precision of the adjustment of the blood to the tissues ; 
but we may imagine it from the small influences by which, as 
in vaccination, it is disturbed, and we may be sure that the 
new blood is as perfectly assimilated to the healthy standard 
as, in disease, it is assimilated to the most minutely altered 
standard.* 

The assimilation of the blood is probably effected, essentially 
and finally, by the formative power (see p. 31) which the blood 
possesses in common with the solid tissues. But it is ministered 
to and assisted by the actions of other parts ; as, Ist, the diges- 
tive and absorbent systems, with probably the liver, and most 
or all of the vascular glands, whose especial office is to prepare” 
materials, not only enough, but exactly fit to form the new 
blood ; and, 2ndly, the excretory organs, through which the 
blood separates from itself materials which are refuse, such as 
the waste substance of the tissues, the urea, carbonic acid, &e., 
or are unfit to form part of its essential constituents, such as 
some of the materials taken for food and drink, and absorbed 
by the blood-vessels of the digestive canal without being formed 
into chyle. But, 3rdly, the precise constitution of the blood is 
adjusted by the balance of the nutritive processes for maintaining 
the several tissues, so that none of the materials appropriate for 
the maintenance of any part may remain in excess in the blood. 
Fach part, by taking from the blood the materials it requires 
for its maintenance is, as Treviranus observed, (Lxvili. bd. i. p. 
401) in the relation of an excretory organ to all the rest. For 
example, if the muscles did not take materials for their nutri- 
tion, there might be an excess of fibrine and their other consti- 
tuents in the blood; if the bones did not do so, the salts of 
lime would be in excess, and so on.t 


* Corresponding facts in relation to the maintenance of the tissues by 
assimilation will be mentioned in the chapter on Nurririon. 

+ See further on this subject LXx1. vol. xxxix. p. 938, and succeeding 
Lectures. 
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The formative power by which the blood maintains itself is, 
erhaps, inherent in its whole substance. No sufficient reason 
ppears for considering that it belongs to the corpuscles more 
nan to any of the other highly organic constituents of the 
llood ; neither is there any evidence for determining the parti- 
alar functions of the corpuscles ; only, it is probable that they 
elp in the formation of the fibrine and other appropriate mate- 
‘als for the nutrition of the tissues by acting like gland-cells, 
nat is, by forming or elaborating in their cavities materials 
vhich they may discharge when perfect (see SzcrETION). Both 
vhite and red corpuscles may do this, but the red ones more 
serfectly than the white; since, as a general rule, rudimentary 
varts have the same function as the perfect parts into which 
ney are developed, but discharge that function with less power. 


The purpose of the blood thus developed and maintained ap- 
‘ears, in the perfect state, to be threefold; namely, Ist, to pro- 
ide materials appropriate for the nutrition and maintenance of 
ll the parts of the body; 2nd, to convey to the several parts 
xygen, whether for the discharge of their functions, or for com- 
ination with their refuse matters ; 3rd, to bring from the same 
arts those refuse matters, and convey them to where they may 
2 discharged. The first is the principal and essential purpose 
* the blood; the second and third are subordinate purposes, 
hich the blood discharges, as it were, by the way, and which 
‘ill be considered in future chapters. 

Of the first purpose little more is known than that the blood 
des provide the materials for the maintenance of the body; and 
sat they are not all in the blood in the same chemical com- 
ounds as they form in the tissues. Gelatine, for example, 
‘hich forms so large a part of the tissues, does not exist in the 
‘ood, and must therefore be formed from some of its albuminous 
‘ proteine compounds while the tissues in which it is found are 
sing developed. 

It may be observed that the changes which materials taken 
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from the blood and forming tissues undergo, though always pro- 
cesses of development in regard to structure, are sometimes de- 
generations in a chemical sense. The case of the gelatinous 
tissues is an example of this; however highly organized their 
structure, their chemical composition is lower than that of the 
blood, gelatine being, as Dr. Prout has shewn (xxi. p. 455), the 
least remote from inorganic matter of any of the nitrogenous 
animal compounds. Thus, the providing of materials for the 
gelatinous tissues may be regarded as the lowest part of this 
office of the blood ; the highest is, probably, the provision for 
the nervous and animal muscular systems. To these, and espe- 
cially to the brain, the development of the blood appears to be 
peculiarly adjusted. Thus, in the Invertebrata that have blood, 
the observations of Mr. Wharton Jones (xlili. 1846) shew that 
the blood-corpuscles are not developed beyond the stage which 
the lymph-corpuscles commonly attain in the oviparous Verte- 
brata, though, up to that stage and in it, they are very similar 
to the lymph-corpuscles. Among the Vertebrata, the Branchio- 
stoma, as a connecting link between the two classes, appears to 
have the same form of blood-corpuscles as the Invertebrata ; but 
in other fish we find, coincidently with the great advance in the 
development of a brain and spinal cord, the introduction of a 
proportionally larger quantity of blood, and of red corpuscles 
formed by a further development of such corpuscles as are the 
most perfect in the Invertebrata. In the transition from fish to 
reptiles, the greater development of the brain is associated with 
a general further increase in the quantity and velocity of the 
blood ; and in that from reptiles to birds with a yet much larger 
increase in its quantity and velocity, an augmentation of the 
proportion of fibrine, and a great multiplication of blood-corpus- 
cles with reduction of their size. Lastly, with the greater de- 
velopment of the brain in Mammalia, we find the development 
of the blood-corpuscles into a higher form than they have in any 
other Vertebrata ; for, though the nucleated cell is commonly re- 
garded as a higher development than the cell without a nucleus, 


THE BLOOD. 15 


yet since, in the blood of the mammalian embryo, the latter 
supersedes the former, and is adapted to the general advance of 
development, we may be sure that, in this instance at least, 
che cell without a nucleus is the higher form. 

Thus it appears that in the same proportion as animals oc- 
supy a higher position in the scale of beings, so have they both 
u larger quantity and a higher quality of blood. Their position 
m the scale is determined by the development of the central 
nervous system, in adaptation to which, more or less directly, 
he other systems relating to the life of the individual are ad- 
usted. The adjustment of the characters of the organic life to 
‘he central nervous system is effected through the intervention 
»f the blood, to the formation of which all the organs of that 
ife minister, and which we may therefore regard as the highest 
member of the parts concerned in the organic life, in the same 
vense as we regard the brain as the highest of the organs of the 
-nimal life. And this eminence of the blood is shewn, first, by 
cs chemical composition, which, as we have seen, is more highly 
rganic than that of the greater part of the tissues; second, 
sy the time at which it first appears in the embryo, in which 
ps the brain and spinal cord precede, in their rudiments, the 
ither and subordinate organs of animal life, so the blood ap- 

ars before any of the persistent organs of the organic life ; 
hird, by the complexity and number of the processes through 
vhich it is elaborated, including all those the history of which 
s now to be traced till we come to that of the Nervous 


ystem. 


CHAPTER V. 


CIRCULATION OF THE BLOOD. 


THE purposes which have been assigned to the blood, 
those, namely, of conveying oxygen and nutritive materials 
to the several parts of the body, and of carrying away from 
them to excretory organs their refuse matters,—require that 
it should be constantly moving through all the parts, and, 
at certain periods, should be exposed to the atmosphere, in 
order that it may imbibe oxygen, and emit carbonic acid and 
water, the substances into which the principal refuse matter 
is combined. To this end it is provided, in man and all 
warm-blooded animals, that all the blood which has passed 
once through the several parts of the body, shall traverse the 
lungs, and be exposed to the atmosphere before it again takes 
the same course. This is effected by what is called a double 
circulation, or, more properly, a single complete circulation in two 
nearly separate parts; the organs for which are, a heart, with 
two separated compartments or sides, and arteries and veins so 
connected with each compartment of the heart, that the arteries 
proceeding from the one may lead to the veins belonging to the 
other. The course through which blood moves in such a circu« 
lation may be thus briefly described. Commencing, we will 
suppose, at the left ventricle of the heart, blood is impelled into 
the aorta and along its successive branches, the systemic arteries, 
through which all the organs of the body, except the finer tex- 
tures of the lungs, derive all their blood. Through these arte- 
ries it is conveyed into the systemic capillaries, the minute 
vessels which lie intermediately between the arteries and veins 
of every part, and in which the blood is brought most nearly 
into contact with the very substance of the organs. From 
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hese it passes into the systemic veins, through the main trunks of 
which, the vere cave, it flows into the right auricle, and thence 
nto the right ventricle, of the heart. This completes what is 
called the systemic circulation, or systemic or general part of the 
circulation. In the right ventricle the blood enters the pwi- 
monary oy lesser circulation, in which it passes from the right 
wentricle through the pulmonary artery and its branches in the 
-ungs to the capillaries, in which it is brought nearest to the 
atmosphere. From the pulmonary capillaries the blood enters, 
-n converging streams, the pulmonary veins, which carry it to 
che left auricle, whence, having thus traversed the pulmonary 
sart of the circulation, it passes again into the left ventricle. 
wvhere, in the case here supposed, it started on its course. 

The blood in the left ventricle is arterial (see p. 38, &c.), and 
charged with oxygen in greater proportion than carbonic acid, 
as well as with materials for the supply of the organs. So it 
remains in all the systemic arteries ; but in the systemic capil- 
}aries it parts with portions of those materials, and its oxygen 
+s, in great measure, consumed in uniting with the hydro-carbon- 
pus and other substances which enter the blood-vessels from 
he refuse matter of the tissues. Thus the blood acquires the 
venous characters ; and in this state it traverses the systemic 
veins, the right side of the heart, and the pulmonary arteries ; 
put in the pulmonary capillary vessels, emitting carbonic acid 
und water, and imbibing oxygen, it becomes again arterial, and 
.0 passes on to the left ventricle. 

A subordinate kind of circulation is inserted in the liver, and 
s called the portal circulation. The veins belonging to that 
vart of the systemic vessels which are appropriated to the 
organs of digestion, form a common trunk, called vena porte ; 
und this, instead of joining at once with the other main 
runks of the systemic veins, enters the substance of the 
iver. There the vena portz, branching like an artery, carries 
ts share of the blood into capillaries, through which it passes 
mto the hepatic veins, then goes through their largest branches 
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into the vena cava inferior, one of the two main trunks of the 
systemic venous system, where the portal circulation termi- 
nates by mingling its blood with that which in the vena cava 
inferior has nearly reached the end of the systemic circulation. 


The principal force provided for constantly moving the blood 
through this course is that of the muscular substance of the 
heart ; other assistant forces are those of the elastic walls of 
the arteries, the pressure of the muscles among which some of 
the veins run, and the movements of the walls of the chest in 
respiration. The right direction of the blood’s course is deter- 
mined and maintained by valves placed between each auricle 
and ventricle of the heart, at the orifices of communication be- 
tween the ventricles and the main arterial trunks, and in most 
of the veins ; which valves open to permit the movement of 
the blood in the course described, but close when any force 
tends to move it in the contrary direction. We shall consider 
separately each member of the system of organs for the cireu- 
lation: and first— 


OF THE ACTION OF THE HEART. 


The heart’s action in propelling the blood consists in the 
successive alternate contractions and dilatations of the muscular 
walls of its two auricles and two ventricles. The auricles 
contract simultaneously ; so do the ventricles ; their dilatations 
also, are severally simultaneous ; and the contractions of the one 
pair of cavities are alternate with the dilatations of the other. 

The description of the action of the heart may best be com- 
menced at that period in each action which immediately pre- 
cedes the beat of the heart against the side of the chest, and 
by a very small interval more precedes the pulse at the wrist. 
For at this time, which corresponds with the pause between 
the two sounds of the heart, the whole- heart is in a passive 
state; the walls of both auricles and ventricles are relaxed, and 
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hheir cavities are being dilated. The auricles are gradually 
illing with blood flowing into them from the veins; and a por- 
jon of this blood passes at once through them into the ventri- 
Jes, the opening between the cavity of each auricle and that 
fits corresponding ventricle being, during all the pause, free 
nd patent. The auricles, however, receiving more blood than 
t once passes through them to the ventricles, become, near 
lhe end of the pause, fully distended; then, in the end of the 
ause, they contract and empty their contents into the ventri- 
les. The contraction of the auricles is sudden, and very quick; 
t commences at the entrance of the great veins into them, 
nd is thence propagated towards the auriculo-ventricular open- 
mg; but the last part which contracts is the auricular appen- 
ix. The effect of this contraction of the auricles is to propel 
early the whole of their blood into the ventricles. The reflux 
f blood into the great veins is hindered by the simultaneous 
ontraction of the muscular coats with which they are provided 
or some distance before their entrance into the auricles ; a con- 
raction which, however, is not so complete but that a small 
uantity of blood does regurgitate, 2. e. flow backwards into 
he veins, at each auricular contraction. The effect of this re- 
-urgitation from the right auricle is limited by the valves at 
he junction of the subclavian and internal jugular veins, be- 
“ond which the blood cannot move backwards; and the coro- 
.ary vein is preserved from it by a valve at its mouth. 

The blood which is thus driven, by the contraction of the 
uricles, into the corresponding ventricles, being added to that 
which had already flowed into them during the heart’s pause, 
s sufficient to complete the distention of the ventricles. Thus 
istended, they immediately contract ; so immediately, indeed, 
hat their contraction looks as if it were continuous with that of 
he auricles. They contract much more slowly than the auri- 
Jes, and simultaneously in every part, the whole wall of each 
entricle being drawn up uniformly towards the origin of the 
rtery at its base, diminishing the cavity in every diameter, 
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but especially in length, so that the heart assumes a shorter 
and more globular form than it had in the relaxed and distend- 
ed state of the ventricles. In this complete and uniform con- 
traction, the ventricles, probably, always thoroughly empty 
themselves, differing in this respect from the auricles, in which 
even after their completest contraction, a small quantity of 
blood remains. The form and position of the fleshy columns on 
the internal walls of the ventricle appear, indeed, especially 
adapted to produce this obliteration of their cavities during their 
contraction ; and the completeness of the closure may often be 
observed on making a transverse section of a heart shortly after 
death, in any case in which the contraction of the rigor mortis 
is very marked. In such a case only a central fissure may be 
discernible to the eye in the place of the cavity of each ventricle. 

At the same time that the walls of the ventricles contract, the 
fleshy columns contract also, and draw away the auriculo-ven- 
tricular valves from the internal surface of the ventricles 
against which they had lain while the blood was flowing into 
the ventricles. The blood thus passes beneath or behind the 
valves and, being pressed by the contracting walls of the ven- 
tricles, pushes the valves upwards and inwards, and brings their 
margins into apposition, so that they close the auriculo-ventri- 
cular openings, and prevent the backward passage of the blood 
into the auricles. The whole force of the ventricular contrac- 
tion is thus directed to the propulsion of the blood through 
their arterial orifices. During the time which elapses between 
the end of one contraction of the ventricles and the commence- 
ment of another, the communication between them and the great 
arteries—the aorta on the left side, the pulmonary artery on the 
right—is closed by the three semilunar valves situated at the 
orifice of each vessel. But the force with which the current of 
blood is propelled by the contraction of the ventricle separates 
these valves from their contact with each other, and presses 
them back against the sides of the artery, making a free passage 
for the stream of blood. Then, as soon as the ventricular con- 
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raction ceases, the elastic walls of the distended artery recoil, 
and by pressing the blood behind the valves force them down 
ftowards the centre of the vessel, and spread them out’ so as to 
»elose the orifice and prevent any of the blood flowing back into 
tthe ventricles. 
As soon as the contraction of the auricles is completed, they 
begin again to dilate, and to be filled again with blood which 
‘flows into them in a steady stream through the great venous 
‘trunks. They are thus filling during all the time in which the 
‘ventricles are contracting ; and the contraction of the ventricles 
‘being ended, they also again dilate and receive again the blood 
‘that flows into them from the auricles. By the time that the 
ventricles are thus from one-third to two-thirds full, the auricles 
sare distended ; these, then suddenly contracting, fill up the ven- 
‘tricles as already described. Thus the action of the auricles 
sconsists in a succession of quick contractions and slow dilata- 
tions; that of the ventricles in a succession of contractions and 
dilatations of nearly equal length. Of the period occupied by a 
complete action of the heart, the auricles are engaged for about 
one-eighth in contraction, and seven-eighths in dilating and re- 
ceiving blood; while the ventricles are occupied for one half in 
contracting, and the other in dilating. 


The following table will explain the order of the actions al- 
ready described, and their coincidences with the sounds and im- 
pulse of the heart, of which we shall next speak. It supposes 
the period occupied by a complete set of the actions of the heart 
to be divided into eight parts, and if the case be taken of a per- 
son with a pulse beating sixty times in a minute, these parts 
may represent eighths of a second. 

Fighths of a second. 
Last part of the pause - |. Aur. contracting: ventr. distended. 


Ist sound and impulse . 4 . Ventr. contracting: aur. dilating. 
) 


2nd sound Ventr. dilating: aur. dilating. 
Pause. F : . |. Ventr. dilating: aur. distended. 
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Action of the Valves of the Heart. 


The periods in which the several valves of the heart are in 
action may be connected with the foregoing table; for the auri- 
culo-ventricular valves are closed, and the arterial valves are 
open during the whole time of the ventricular contraction; while, 
during the dilatation and distension of the ventricles the latter 
valves are shut, the former open. Thus, the valves are all alter- 
nately open and shut for nearly equal periods of time; and each 
half or side of the heart, through the action of its valves, may be 
compared with a kind of forcing pump, like the common enema- 
syringe with two valves, of which one admits the fluid on rais- 
ing the piston, but is closed again when the piston is forced 
down, while the other opens for the escape of the fluid, but 
closes when the piston is raised, so as to prevent the regurgita- 
tion of the fluid already forced through it. The ventricular di- 
latation is here represented by the raising-up of the piston; the 
valve thus admitting fluid represents the auriculo-ventricular 
valve, which is closed again when the piston is forced down, 7. e. 
when the ventricle contracts, and the other, 7. ¢. the arterial, 
valve opens. 

The arterial, semilunar, or sigmoid valves are, as already 
said, brought into action by the pressure of the arterial blood 
forced back towards the ventricles, when the elastic walls of the 
arteries recoil after being dilated by the blood propelled into 
them in the previous contraction of the ventricle. The dilata- 
tion of the arteries is, in a peculiar manner, adapted to bring 
the valves into action. The lower borders of the semilunar 
valves are attached to the inner surface of a tendinous ring, 
which is, as it were, inlaid, at the orifice of the artery, between 
the muscular fibres of the ventricle and the elastic fibres of the 
walls of the artery. The tissue of this ring is tough, and does 
not admit of extension under such pressure as it is commonly 
exposed to; the valves are equally inextensile, being formed 
of tough, close-textured, fibrous tissue, with strong interwoven 
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cords, and covered with epithelium. Hence, when the ventri- 
rele propels blood through the orifice and into the canal of the 
artery, the lateral pressure which it exercises is sufficient to di- 
late the walls of the artery, but not enough to stretch in an 
equal degree, ifat all, the unyielding valves and the ring to which 
their lower borders are attached. The effect, therefore, of each 
such propulsion of blood from the ventricle is, that the wall of 
the first portion of the artery is dilated into three pouches he- 
hind the valves, while the free margins of the valves, which had 
previously lain in contact with the inner surface of the artery 
(as at a, fig. 5), are drawn inwards towards its centre (fig. 5, 
~). Their positions may be explained by the following dia- 
grams, in which the continuous lines represent a transverse 
section of the arterial walls, the dotted ones the edges of the 
walves, first, when the valves are in contact with the walls (a), 
and, secondly, when the walls being dilated the valves are 
drawn away from them (8). 


This position of the valves and arterial walls is retained so 


* Fig. 5.—Sections of aorta, to shew the action of the semilunar valves. 
A, is intended to shew the valves, represented by the dotted lines, in contact 
ewith the arterial walls, represented by the continuous outer line. 3B, (after 
Hunter) shews the arterial wall distended into three pouches (w), and drawn 
away from the valyes which are straightened into the form of an equilateral 
triangle, as represented by the dotted lines, cc. (after Retzius, exii.) shews 
tthe margins of the valves when in action; a. the pouches between the valves 
and the arterial wall; 4. the apposed edges ; c. the apposed surfaces, of the 
valves; d, mouths of coronary arteries; ¢, cut edge of aorta, 
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long as the ventricle continues in contraction ; but, as soon as 
it relaxes, and the dilated arterial walls can recoil by their elas- 
ticity, they press the blood as well towards the ventricles as 
onwards in the course of the circulation. Part of the blood thus 
pressed back lies in the pouches (a, fig. 5, B) between the valves 
and the arterial walls; and the valves are by it pressed toge- 
ther till their margins meet in three lines radiating from the 
centre to the circumference of the artery, as in c. fig. 5. 

The contact of the valves in this position, and the complete 
closure of the arterial orifice, are secured by a peculiar construc- 
tion of their borders. Among the cords which are interwoven 
in the substance of the valves, are two of greater strength and 
prominence than the rest; of which one extends along the free 
border of each valve, and the other forms a double curve or fes- 
toon just below the free border. Each of these cords is attached 
at its ends to the outer angles of its valve, and in the middle to 
the corpus Arantii, a small mass of fibrous tissue at the centre 
of the border of each valve ; they thus enclose a space from a 
line to a line and a half in width, in which space the substance 
of the valve is much thinner and more pliant than elsewhere. 
When the valves are pressed down, all these parts or spaces of 
their surfaces come into contact, and the closure of the arterial 
orifice is thus secured by the apposition not of the mere margins 
and thin edges of the valves, but of all those parts of the sur- 
faces of each which lie between the free edges and the cords 
next below them. (See fig. 5, c, ¢.) These parts are firmly 
pressed together, and the greater the pressure that falls on them, 
the closer and more secure is their apposition. The corpora 
Arantii meet at the centre of the arterial orifice when the valves 
are down, and they probably assist in the closure ; but they are 
not essential to it, for, not unfrequently, the valves of the pul- 
monary artery have none, but are extended in larger, thin, 
flapping margins. In this form of valves, also, the inlaid cords 
are less distinct than in those with corpora Arantii; yet the 
closure by contact of their surfaces is not less secure. 
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The auriculo-ventricular valves, like those already described, 
ecure the closure of the orifices at which they are placed by 
i. contact of parts of their surfaces ; but in most other respects 
heir mode of action is peculiar. The valve between the right 
auricle and ventricle is named tricuspid, because it presents 
-hree principal cusps or pointed portions, and that between the 
peft auricle and ventricle bicuspid or mitral, because it has two 
such portions. But in both valves there is between each two 
orincipal portions a smaller one; so that more properly, the tri- 
cuspid may be described as consisting of six, and the mitral of 
‘our, portions. Each portion is of triangular form, its apex and 
sides lying free in the cavity of the ventricle, and its base being 
‘ixed toa tendinous ring, which encircles the orifice between the 
auricle and ventricle, and receives the insertions of the muscu- 
par fibres of both. In each principal portion may be distin- 
zuished a middle-piece, extending from its base to its apex, and 
neluding about half its width; this piece is thicker, and much 
sougher and tighter than the border-pieces which are attached 
oose and flapping at its sides. 

While the bases of the several portions of the valves are fixed 
co the tendinous rings, their ventricular surfaces and borders are 
rastened by slender tendinous cords to the walls of the ventricles 
or to muscular columns or processes (carnece column) project- 
ng from the walls into the cavities of the ventricles. In each 
ventricle there are as many of these columns as there are prin- 
zipal portions in the corresponding valve. Of the tendinous 
zords, besides some which pass from the walls of the ventricle 
and the fleshy columns to the tendinous ring, there are some, of 


orincipal strength, which pass from the same parts to the edges 
of the middle pieces of the several chief portions of the valve. 
[The ends of these cords are spread out in the substance of the 
walve, giving its middle-piece its peculiar strength and tough- 
ness; and from their sides numerous other more slender and 
branching cords are given off, which are attached all over the 
ventricular surface of the adjacent border-pieces of the principal 
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portions of the valves, as well as to those smaller portions 
which have been mentioned as lying between each two prin- 
cipal ones. Moreover, the muscular columns are so placed, that 
from the summit of each, tendinous cords may proceed to the 
adjacent halves of two of the principal divisions, and to one 
intermediate or smaller division, of the valve. 

These valves are brought into action at the instant in which 
the contraction of the ventricles begins. When not in action, 
all their portions probably lie close to the ventricular walls ; 
but the contraction of the fleshy columns, being simultaneous 
with that of the walls of the ventricles, draws out the several 
portions of the valves as soon as ever the ventricle begins 
to contract. The arrangement just mentioned, in which each 
column is connected with two of the principal and one of the 
intermediate divisions of the valve, further secures that the con- 
traction of the columns shall approximate all the several por- 
tions of the valve, bringing them towards the centre of the 
orifice they are to close. Then, as the contracting walls of the 
ventricles press on the blood, the valves are pressed up by 
it towards the auriculo-ventricular orifices, till their free edges 
and parts of their borders come into contact. In this posi- 
tion they are held secure, even though the form and size of 
the orifice and the ventricle may change during the continued 
contraction ; for the border-pieces are held by their mutual ap- 
position and the equal pressure of the blood on their ventrieu- 
lar surfaces; and the middle pieces are secure by their great 
strength, and by the attachment of the tendinous cords along 
their margins, these cords being always held tight by the con- 
traction of the muscular columns. A peculiar advantage, de- 
rived from the projection of these columns into the cavity of the 
ventricle, seems to be that they prevent the valve from being 
everted into the auricle; for, when the ventricle contracts, and 
the parts of its walls to which, through the medium of the 
columns, the tendinous cords are fixed, approach the base of the 
heart and the auriculo-ventricular orifices, there would be a ten- 
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eney to slackness of the cords, and the valves might be 
verted, if it were not that while the wall of the ventricle 
s drawn towards the orifice, the end of the simultaneously 
ontracting fleshy column is drawn away from it, and the cords 
re held tight. 

What has been said applies equally to the auriculo-ventricular 
salves on both sides of the heart, and of both alike the closure is 
senerally complete every time the ventricles contract. But in some 
fircumstances the closure of the tricuspid valve is not complete, 
nda certain quantity of blood is forced back into the auricle; and, 
ince this may be advantageous, by preventing the over-filling of 
he vessels of the lungs, it has been called the safety-valve action 
'f this valve (Hunter, Wilkinson King). The circumstances in 
which it usually happens are those in which the vessels of the 
wing are already full enough when the right ventricle contracts, 
}S, €. g. in certain pulmonary diseases, in very active exertion, 
-nd in great efforts. In these cases, perhaps because the right 
rentricle cannot contract quickly or completely enough, the tri- 
uspid valve does not completely close, and the regurgitation of 
slood may be indicated by a pulsation in the jugular veins 
ynchronous with that in the carotid arteries, 


Sounds and Impulse of the Heart. 


When the ear is placed over the region of the heart, two 
ounds may be heard at every beat of the heart, which follow 
m quick succession, and are succeeded by a pause or period of 
jlence. The first sound is dull and prolonged ; its commence- 
ment coincides with the impulse of the heart, and just precedes 
he pulse at the wrist. The second is a shorter and sharper 
ound, with a somewhat flapping character, and follows close 
fter the arterial pulse. If the period of time occupied by the 
wo sounds and by the subsequent pause,— which together con- 
ttitute the rythm of the heart,—be divided into four equal 
warts, the first sound, and the very short interval between it 
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and the second, will be found to occupy the first two parts, or 
half the period of the rythm ; the second sound rather less than 
another part, and the pause rather more than the fourth part. 

The events which correspond, in point of time, with the first 
sound, and which may therefore contribute to its production, or 
to morbid changes in its characters, are (as expressed in the 
table at page 81) the contraction of the ventricles, the first part 
of the dilatation of the auricles, the closure of the auriculo- 
ventricular valves, the openness of the semilunar valves, and 
the propulsion of blood into the arteries. The sound is suc- 
ceeded, in about one-thirtieth of a second, by the pulsation of 
the facial artery, and in about one-sixth of a second, by the 
pulsation of the arteries at the wrist. The second sound, in 
point of time, immediately follows the cessation of the ventri- 
cular contraction, and corresponds (as the same table shews) 
with the closure of the semilunar valves, the continued dilata- 
tion of the auricles, the commencing dilatation of the ventricles, 
and the opening of the auriculo-ventricular valves. The pause 
immediately follows the second sound, and corresponds in its 
first half with the completed distension of the auricles, and in 
its second with their contraction, and the distension of the ven- 
tricles, the auriculo-ventricular valves being all the time open, 
and the arterial valves closed. 

The results of numerous investigations into the cause of the 
sounds of the heart have shewn that the jirst sound is chiefly 
due to the contraction of the muscular fibres of the ventricles, 
which, like the contraction of muscle in other parts, is accom- 
panied with the production of a certain amount of sound. In 
the case of the ventricular contraction, the sound is rendered 
peculiarly loud and distinct by a large mass of fibres being 
simultaneously in action, and by the foree with which their 
contraction takes place. The sound emitted by them is ren- 
dered clearer and more distinct by the tense state in which the 
auriculo-ventricular valves are held during the continuance of 
the ventricular contraction ; for, in this condition, they probably 
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‘ibrate, like sounding-boards, with the vibrations communicated 
2 them through the tense tendinous cords that attach them to the 
ibrating and sounding muscles. Thus the valves may increase 
he sound produced by the muscles ; and, besides, it is not im- 
‘robable that the suddenness with which they are put on the 
tretch at the commencement of the ventricular contraction may 
ve productive of a certain amount of sound originating in them- 
elves. This supposition is supported by the fact observed by 
Valentin (iv. Bd. i. p. 427) that, ifa portion of a horse’s intes- 
ine, tied at one end, be moderately filled with water without 
ny admixture of air, and have a syringe containing water fitted 
9 the other end, the first sound of the heart is exactly imitated 
"y forcing in more water, and thus suddenly rendering the walls 
'f the intestine more tense. 

Some share in the production or modification of the first 
sound of the heart is probably due, also, to the impulse of the 
spex against the walls of the chest; for, when this impulse 
ss prevented, as in cases of congenital or artificial exposure 
of the heart, the intensity of the first sound is said to be dimi- 
aished. The sudden pressing back of the semilunar valves, 
und the rush of blood through the orifices of the aorta and the 
oulmonary artery may also, in some measure, affect the first 
ound. These circumstances, however, must be regarded as 
only secondary conditions in the production of a sound which 
nas its source in the muscular contraction of the ventricles; and 
hey would have scarcely deserved notice, but that, in cases of 
flisease, alterations in them may change the character of the 
airst sound. 

The fact that the sound emitted by the contraction of a mor- 
vidly enlarged and thickened ventricle is less clear and loud than 
‘hat produced by a healthy one, may seem opposed to the above 
‘xplanation ; for the inference is natural that increase in the 
vulk of a muscle will be accompanied with increase in the sound 
given out by it during its contraction. But it may be that, in 
‘he contraction of an hypertrophied ventricle, the sound emitted 
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by the superficial fibres alone is conveyed to the ear; that pro- 


duced by the contraction of the deeper ones being obscured by — 


the thickness of the tissue through which it has to pass in its 
transit to the surface. It is probable, also, that the contraction 
of the fibres of an hypertrophied ventricle is not quite simulta- 


neous ; and this may account for the first sound in such cases — 


being unusually prolonged, and less loud and distinct. When, 
however, the ventricular walls are unusually thin, the first 
sound is peculiarly loud and clear, because the sound emitted 
by the contraction of every fibre is transmitted to the ear, and 


y 


: 


because all the fibres contract simultaneously. The share, also, — 


which the tension of the auriculo-ventricular valves and the 
passage of the blood through the orifices of the great arteries 
contribute towards the first sound, is more perceptible in the 
latter than in the former case, probably because it more readily 
admits of being transmitted through thin, than through the 
hypertrophied, walls of a ventricle. 

The cause of the second sound appears to be more simple 
than that of the first. It is probably due almost entirely to the 


sudden tightening of the semilunar valves when they are pressed — 


down across the orifice of the aorta and pulmonary artery ; for, 
of the other events which take place during the second sound, 
none is calculated to produce sound. The influence of the valves 
in producing the sound is illustrated by the experiment already 
quoted from Valentin, and by others performed on large animals, 
such as calves, in which the results could be fully appreciated. 
In these, two delicate curved needles were inserted, one into 
the aorta and another into the pulmonary artery, below the line 
of attachment of the semilunar valves ; and, after being carried 
upwards about half an inch, were brought out again through 
the coats of the respective vessels, so that in each vessel one 
valve was included between the arterial walls and the wire. 
Upon applying the stethoscope to the vessels after such an ope- 
ration, the second sound had ceased to be audible. Disease of 
these valves, when so extensive as to interfere with their effi- 
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ent action, also often demonstrates the same fact by modifying 

destroying the distinctness of the second sound. The second 
‘und does not continue all the time the semilunar valves are 
osed, probably because it is only produced by the tightening 
ad soon-ending vibration of the valves. 

The contraction of the auricles which takes place in the end 

the pause is inaudible outside the chest, but may be heard 
hen the heart is exposed and the stethoscope placed on it, as 
slight sound preceding and continued into the louder sound of 

e ventricular contraction. 

The Impulse of the Heart.—At the commencement of each 
sntricular contraction, the heart may be felt to beat with a 
ock or impulse against the walls of the chest. This impulse 
most evident in the space between the fifth and sixth ribs, 
tween one and two inches to the left of the sternum. The 
ree of the impulse, and the extent to which it may be per- 
‘ved beyond this point, vary considerably in different indivi- 
aals, and in the same individuals under different circumstances, 

is felt more distinctly, and over a larger extent of surface, in 
naciated than in fat and robust persons, and more during a 
reed expiration than in a deep inspiration ; for, in the one 
se, the intervention of a thick layer of fat or muscle between 

e heart and the surface of the chest, and in the other the in- 
ution of the portion of lung which overlaps the heart, prevents 
e impulse from being fully transmitted to the surface. An 
-eited action of the heart, and especially an hypertrophied con- 
tion of the ventricles, will increase the impulse, while a de- 
essed condition, or an atrophied state of the ventricular walls, 
al] diminish it. 

The impulse of the heart is probably the result of several 
“cumstances which, acting in combination, have a tendency to 
ttate the whole organ from left to right, and to tilt its apex 
cwards and upwards, so that it is made to strike against the 
alls of the chest. Apparently the most important of these cir- 
mstances is the contraction of the spiral muscular fibres of the 
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ventricles, and especially of certain of these fibres which, ac- 
cording to Dr. Reid (Lxxiii. vol. li. p. 606), arise from the 
base of the ventricular septum, pass downwards and forwards, 
forming part of the septum, then emerge and curve spirally 
around the apex and adjacent portion of the heart. The gene- 
ral direction of these fibres is from right to left, and the great 
mass of them pass in at the apex of the left ventricle, and assist 
in forming the muscular columns within it. The fibres on the 
front of the heart and on the right side of the left ventricle being 
much longer than those on the back and left side of it, will 
contract most, as they all draw up towards the tendinous rings ; 
in their contraction they tend to draw the apex forwards and 
upwards ; and probably, also, by their spiral turning round the 
apex, they make it rotate slightly from the left towards the right 
side of the chest. The whole extent of movement thus produced 
is but slight ; the apex of the heart is carried through a curved 
line of about half an inch in length, at the end of which it 
touches the intercostal space, and is felt externally. The move- 
ment affects the apex of the heart much more than its body and 
base ; their relation to the walls of the chest undergoes little 
change in the several actions of the heart, and the change is the 
less perceptible, because the tissues that intervene between them 
and the wall of the chest shift and adapt themselves to their 
several movements. 

The condition which, next to the action of these fibres, con- 
tributes most to the occurrence and character of the impulse of 
the heart is its change of shape; for, during the contraction of 
the ventricles, it becomes more globular, and bulges so much 
that, according to Dr. Mitchell (cxvi. Nov. 1844), and M. 
Kiwisch (1ix. 1846), this change alone is sufficient to produce 
the impression of an impulse when the finger is placed over the 
bulging portion of the heart, either at the front of the chest or 
under the diaphragm. The production of the impulse is, perhaps, 
further assisted by the tendency of the aorta to straighten itself 
and diminish its curvature when distended with the blood im- 
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elled by the ventricle ; and, by the elastic recoil of all the 
arts about the base of the heart, which, according to the ex- 
eriments of Kiirschner (xv. Art. Herzthatigkeit), are stretched 
ownwards and backwards by the blood flowing into the auri- 
Jes and ventricles during the dilatation of the latter, but recover 
hemselves when, at the beginning of the contraction of the 
entricles, the flow through the auriculo-ventricular orifices is 
topped. But these can be only accessory conditions in the per- 
ect state of things: for the same tilting movement of the heart 
msues when its apex is cut off, and no tension or change of 
orm can be produced by the blood. The cause of the impulse 
nust therefore be in the walls of the heart itself; and, when 
he apex of the heart is cut off, and the continuity of most of 
hose fibres, to whose action we have ascribed the impulse in 
he perfect state of the organ, is destroyed, then we may believe 
hat the fibres remaining in the body and base of the heart, and 
saving the same general spiral direction from right to left and 
rom above downwards, are sufficient to produce a similar tilt- 
ng movement. 


Frequency and Force of the Heart's Action. 


The frequency with which the heart performs the actions we 
rave described may be counted by the pulses at the wrist, or in 
ny other artery ; for these correspond with the contractions of 
he ventricles. 

The heart of a healthy adult man in the middle period of life 
icts from seventy to seventy-five times in a minute. The fre- 
juency of the heart’s action gradually diminishes from the com- 
nencement to the end of life, thus :— 


In the embryo the average number of pulses in a minute is 150 
Just after birth . , P : ; -Z from 140 to 130 
During the first year . : : , : 5 130 to 115 
During the second year : : - : ; 115 to 100 
During the third year. 4 ; ‘ ; ‘ 100 to 90 


About the seventh year. ‘ , ; : 90 to 85 
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About the fourteenth year the average number of pulses 


in a minute is from 5 F 5 - 85 to 80 
In the middle period of life . : . . - 4¢5,.t0 70 
In old age 4 & 3 C 65 to 50 


In persons of sanguine (rfetanea the heart acts somewhat 
more frequently than in those of the phlegmatic; and in the 
female sex more frequently than in the male. 

After a meal its action is accelerated, and still more so during 
bodily exertion or mental excitement ; it is slower during sleep. 
The effect of disease in producing temporary increase or dimi- 
nution of the frequency of the heart’s action is well known. 
From the observations of several experimenters, it appears that, 
in the state of health, the pulse is most frequent in the morning, 
and becomes gradually slower as the day advances ; and that 
this diminution of frequency is both more regular and more 
rapid in the evening than in the morning. It is found, also, 
that, as a general rule, the pulse, especially in the adult male, 
is more frequent in the standing than in the sitting posture, and 
in this than in the recumbent position; the difference being 
greatest between the standing and the sitting posture. This 
effect of change of posture is greater as the frequency of the 
pulse is greater, and accordingly, is more marked in the morn- 
ing than in the evening. Dr. Guy, by supporting the body in 
different postures, without the aid of muscular effort of the in- 
dividual, has proved that the increased frequency of the pulse in 
the sitting and standing positions is dependent on the muscular 
exertion engaged in maintaining them ; the usual effect of these 
postures on the pulse being almost entirely prevented when the 
usually attendant muscular exertion was rendered unnecessary 
(tviii. Nos. 6 and 7). The effect of food, like that of change of 
posture, is greater in the morning than in the evening. Accord- 
ing to Parrot, the frequency of the pulse increases in a cor- 
responding ratio with the elevation above the sea. 

In health there is observed a nearly uniform relation between 
the frequency of the pulse and of the respirations; the propor- 
tion being, on an average. one of the latter to five of the former. 
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“he same relation is generally maintained in the cases in which 
he pulse is naturally accelerated, as after food or exercise: but 
a disease this relation usually ceases to exist. In many affec- 
ions accompanied with increased frequency of the pulse, the 
espiration is, indeed, also accelerated, yet the degree of its 
eceleration bears no definite proportion to the increased num- 
er of the heart’s actions: and in many other cases the pulse 
-ecomes more frequent without any accompanying increase in 
he number of respirations; or, the respiration alone may be 
ecelerated, the number of pulsations remaining stationary, or 
ven falling below the ordinary standard. 

The force with which the left ventricle of the heart contracts 
sabout double that exerted by the contraction of the right: 
-eing equal (according to Valentin) to about ;th of the weight 
f the whole body, that of the right being equal only to jth of 
he same, (iv. Bd. 1, p.415, &c.) This difference in the amount 
f force exerted by the contraction of the two ventricles results 
com the walls of the left ventricle being about twice as thick as 
hose of the right. And the difference is adapted to the greater 
-egree of resistance which the left ventricle has to overcome, com- 
vared with that to be overcome by the right: the former having 
0 propel blood through every part of the body, the latter only 
hrough the lungs. 

The capacity of the two ventricles is probably exactly the 
ame. It is difficult to determine with certainty how much 
his may be ; but, taking the mean of various estimates, it may 
,e inferred that each ventricle is able to contain, on the aver- 
ige, about three ounces of blood, the whole of which is impelled 
ito their respective arteries at each contraction. The capacity 
f the auricles is rather less than that of the ventricles: the 
nickness of their walls is considerably less, The latter condi- 
_on is adapted to the small amount of force which the auricles 
quire, in order to empty themselves into their adjoining ven- 
vicles ; the former to the ventricles being partly filled with 
lood before the auricles contract. 
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The force exercised by the auricles in their contraction has 
not been calculated. Neither is it known with what amount 
of force either the auricles or the ventricles dilate: but there 
is no evidence for the opinion that in their dilatation they can 
materially assist the circulation by any such action as that of 
a sucking-pump, or a caoutchouc bag, in drawing blood into their 
cavities. That the force the ventricles exercise in dilatation 
is very slight was proved by Oesterreicher (c. p. 33). He re- 
moved the heart of a frog from the body, and laid upon it a 
substance sufficiently heavy to press it flat, and yet so small 
as not to conceal the heart from view; he then observed that 
during the contraction of the heart the weight was raised, but 
that during its dilatation the heart remained flat. And the 
same was shewn by Dr. Clendinning, who, applying the points 
of a pair of spring callipers on the heart of a live ass, found 
that their points were separated as often as the heart swell- 
ed up in the contraction of the ventricles, but approached 
each other by the force of the spring when the ventricles 
dilated. Seeing how slight the force exerted in the dilatation 
of the ventricles is, it has been supposed that they are only 
dilated by the pressure of the blood impelled from the auricles : 
but that both ventricles and auricles dilate spontaneously is 
proved by their continuing their successive contractions and 
dilatations when the heart is removed, or even when they are 
separated from one another, and when therefore no such force 
as the pressure of blood can be exercised to dilate them. By 
such spontaneous dilatation they at least offer no resistance to 
the influx of blood, and save the force which would otherwise 
be required to dilate them. 


Cause of the Rythmie Action of the Heart. 


It has been attempted in various ways to account for the ex- 
istence and continuance of those peculiar rythmic movements 
by which the action of the heart is distinguished from that of all 
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the other muscles. By some it has been supposed that the con- 
cact of arterial blood with the lining membrane of the left cavi- 
jes of the heart, and of venous blood with that of the right 
savities, furnishes a stimulus, in answer to which the walls of 
hese cavities contract. And they explain the rythmic order in 
which these contractions ensue, by supposing that the same act, 
—the systole, which expels the stimulating fluid from the ven- 
ivicles, causes the auricles to be filled from the veins ; and that 
‘he contraction of the auricles thereupon induced gives rise, in 
‘ts turn, to the filling and consequent contraction of the ventri- 
‘les. But this, and all hypotheses concerning the action of the 
aeart which suppose the necessity ef the contact of blood, or 
my such stimulus, are disproved by the fact that the heart, 
especially in Amphibia and fishes, will continue to contract and 
lilate regularly and in rythmic order after it is removed from 
the body, completely emptied of blood, and even placed in 
, vacuum where it cannot receive the stimulus of the atmo- 
jpheric air. 

The influence of the mind, and of some affections of the brain 
md spinal cord upon the action of the heart, proves that it is 
ot altogether, or at all times, independent of the cerebro-spinal 
seryous system. Yet the numerous experiments instituted for 
he purpose of determining the exact relation in which the 
seart stands towards this system, have failed to prove that the 
wction is directly governed by the power of any portion of the 
rain or spinal cord. The results of the experiments are, 
nm many instances, contradictory ; but a general conclusion 
rom them may be, that no uniform and decided alteration in 
ne movements of the heart is produced by irritation of any 
‘art of either of those nervous centres. Sudden destruction of 
ither the brain or spinal cord alone, or of both together, pro- 
‘uces, immediately, a temporary interruption or cessation of the 
seart’s action : but this appears to be only an effect of the shock 
f so severe an injury; for, in some such cases, the movements 
f the heart are subsequently resumed, and if artificial respira- 
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tion be kept up, may continue for a considerable time; and 
may then again be arrested by a violent shock applied through 
an injury of the stomach. While, therefore, we must admit 
an indirect or occasional influence exercised by, or through, the 
brain and spinal cord upon the movements of the heart, and 
may believe this influence to be the greater the more highly the 
several organs are developed, yet it is clear that we cannot 
ascribe the regular determination and direction of the movements 
to them, in the same way as we may ascribe to the medulla 
oblongata the power of determining and regulating the involun- 
tary and, in some degree, rythmical, movements of respiration. 
The persistence of the movements of the heart in their regu- 
lar rythmic order, after its removal from the body, and their 
capability of being then re-excited by an ordinary stimulus after 
they have ceased, prove that the cause of these movements 
must be resident within the heart itself. And it seems pro- 
bable, from the experiments and observations of Remak (cxxx. 
No. ii. 1840), Volkmann (Lxxx. 1844, p. 424), Dr. Robert Lee 
(cxxill. 1847), and others (see xxv. 1844-5, p. 13), that it may 
be connected with the existence of numerous minute ganglia of 
the sympathetic nervous system, which with connecting nerve- 
fibres are distributed through the substance of the heart. These 
ganglia appear to act as so many centres or organs for the pro- 
duction of motor impulse; while the connecting nerve-fibres 
unite them into one system, anden able them to act in concert 
and direct their impulses so as to excite in regular series the 
successive contractions of the several muscles of the heart. The 
mode in which ganglia thus act as centres and co-ordinators of 
nervous power will be described in the chapter on the Nervous 
Sysrem ; and it will appear probable that the chief peculiarity 
of the heart, in this regard, is due to the number of its ganglia, 
and the apparently equal power which they all exercise; so that 
there is no one part of the heart whose action, more than an- 
other’s, determines the actions of the rest. Thus, if the heart of 
a reptile be bisected, the rythmic successive actions of auricle — 
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and ventricle will go on in both halves : we therefore cannot say 
that the action of the right side determines or regulates that of 
the left, or vice versé ; and we must suppose that when they 
act together in the perfect heart, it is because they are both, as 
it were, set to the same time. Neither can we say that the 
auricles determine the action of the ventricles; for, if they are 
separated, they will both contract and dilate in regular, though 
not necessarily similar, succession. A fact pointed out by 
Mr. Malden shews how the several portions of each cavity are 
similarly adjusted to act alike, yet independently of each other. 
Ifa point of the surface of the ventricle of a turtle’s or frog’s 
‘heart be irritated, it will immediately contract, and very 
quickly afterwards all the rest of the ventricle will contract ; 
‘but, in the close of this general contraction, the part that was 
iirritated and contracted first, is slightly distended or pouched 
sout, shewing that it was adjusted to contract in and for only a 
certain time, and that therefore as it began to contract first, so 
lit first began to dilate.* 

The connection of the action of the heart with the other 
organs, and the influences to which it is subject through them, 
re explicable by the connection of its nervous system with the 
other ganglia of the sympathetic, and with the brain and spinal 
cord through, chiefly, the pneumogastric nerves. But this in- 
fluence is proved in a much more striking manner by the phe- 
nomena of disease than by any experimental or other physio- 
logical observations. The influence of a shock in arresting or 
modifying the action of the heart,—its very slow action atter 
-ompression of the brain, or injury to the cervical portion of the 
pinal cord,—its irregularities and palpitations in dyspepsia and 
nysteria,—are better evidence for the connection of the heart 


* The experiment also proves the uniform and simultaneous action of the 
whole wall of the ventricle, and the advantage thereof ; since if one part of 
the wall ceased to contract before the rest it would be pouched out by the 
communicated pressure of the blood still compressed by the continuing con- 
vaction of the rest of the wall. 
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with the other organs through the nervous system, than any 
results obtained by experiments. The best of such results are 
recorded by E. H. Weber (xv. Art. Mushkelbewegung), who 
found that the electro-magnetic stimulus applied in the frog to 
the bulbus arteriosus, around which the principal fibres of the 
sympathetic nerves supplying the heart are placed, accelerated 
and strengthened the heart’s action ; but, applied to the puls- 
ating part of the vena cava inferior, where are the principal 
filaments it derives from the pneumogastric nerves, retarded 
the action. He is disposed, therefore, to think that, in general, 
stimuli conveyed through the sympathetic nerve would acce- 
lerate, and through the pneumogastrie would retard, the heart’s 
action. The latter conclusion is corroborated by the fact, also 
stated by him, that the heart’s action is retarded by stimulus 
applied to any part between the corpora quadrigemina and 
posterior part of the fourth ventricle of the brain, or to both 
trunks of the pneumogastric nerves at once, or by division of 
both pneumogastric nerves in the necks of Mammalia. 


Effects of the Heart's Action. 


That the contractions of the heart supply alone a sufficient 
force for the circulation of the blood appears to be established 
by these following facts. 1. When the heart is removed, or the 
aorta tied, the circulation stops abruptly and completely: and 
the circulation in any part may be so arrested by tying its main 
arteries. 2. Magendie found, by dividing transversely, all the 
parts of a limb except its main artery and vein, that the current 
through the latter was completely and at once controlled by 
pressure on the former: although here, as in the former cases, 
the vessels beyond the obstruction might have maintained the 
stream of blood if they had possessed any propulsive power. 
3. Dr. Sharpey (xciv. vol. Lxiii. p. 20) injected bullock’s blood 
into the thoracic aorta of a dog recently killed, after tying the 
abdominal aorta above the renal arteries, and found that, with 
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a force just equal to that by which the ventricle commonly im- 
jpels the blood in the dog, the blood that he injected into the 
jaorta passed in a free stream out of the trunk of the vena cava 
‘inferior. It thus traversed both the systemic and hepatic capil- 
laries ; and when the aorta was not tied above the renals, blood 
injected under the same pressure flowed freely through the 
vessels of the lower extremities. A pressure equal to that of 
one and a-half or two inches of mercury was, in the same way, 
found sufficient to propel blood through the vessels of the lungs. 

How this force of the ventricles is applied, directed, and 
assisted in the several orders of vessels will appear in the follow- 
ing sections, 


The best special treatises to which the student can refer for 
idetails and discussions respecting the action of the heart are, 
the articles Heart and Circulation, in the Cyclopedia of Ana- 
tomy and Physiology, the Reports of the Medical Section of the 
‘British Association, in the Medical Gazette, vols. xix. and xxi, 
and the works of Mr. Hunter (i. vol. iii. p. 173), of Dr. Hope 
(cxvii.), and of Dr. C. J. B. Williams (cxviil). 


THE ARTERIES. 


For the purpose of explaining the influence of the arteries in 
the circulation it will be sufficient to consider the walls of an 
artery as containing at the most five distinct layers or coats, 
namely, an external, an elastic, a muscular, an internal coat, and 
an epithelial lining.* The external coat is constructed of ordi- 
nary fibro-cellular tissue, the fibres of which are arranged, for 
che most part, in a longitudinal direction. It forms a strong, 
cough investment, which, though capable of extension, appears 
principally designed to strengthen the walls of the artery, and to 


* For the best account of these structures see Henle (xxxvii. p. 494 ), or an 
abstract of his observations (xxv. 1842, p. 39), 
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guard against their excessive distension from the force of the 
heart’s action. It serves another purpose also in affording a 
suitable tissue for the ramifications of the vasa arteriarum, or 
nutritive vessels for the supply of the arterial walls. The in- 
ternal arterial coat (the striated or fenestrated coat of Henle) 
consists of a very thin and brittle membrane. It possesses little 
elasticity, and is thrown into folds or wrinkles, when an artery 
contracts. Its internal surface is lined with a delicate layer of 
epithelium, which makes it smooth and polished, and furnishes 
a nearly impermeable surface, along which the blood may flow 
with the smallest possible amount of resistance from friction. 
The elastic and muscular coats are the seats of those proper- 
ties by which arteries chiefly influence the circulation. Previ- 
ous to the time of John Hunter, the distinction between these 
two coats, which constitute the chief thickness of the arterial 
walls, appears to have been overlooked, and it was usual to de- 
scribe them together as a single tissue under the denomination 
of the middle, fibrous, or elastic coat. But, in the admirable 
account which Hunter gave of the properties of arteries, proof 
was afforded of the dissimilarity in structure and function 
between the inner and outer portions of this supposed single 
coat. And recent observations have shewn the accuracy of his 
account, and furnished additional facts in confirmation of it. 
The outer of these two coats is made up almost entirely of 
fibres of yellow elastic tissue, and constitutes, as Hunter 
named it, the elastic coat. The inner consists of circularly- 
arranged, pale, flat fibres, which differ in no essential respect 
from the fibres of organic muscle, such as compose the muscu- 
lar coat of the stomach and intestines ; but are mingled with 
more filaments of fine elastic tissue. Its chemical characters 
are equally similar to those of organic muscle. The older ana- 
lyses, in which the similarity was not detected, were probably 
made of the walls of the largest arteries in which elastic tissue 
alone exists. By later analysis, Dr. Retzius (evil. vol. i. p. 
171) has found in this coat a proteine-compound, which neither: 
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vellular nor elastic tissue contain; and Dr. Donders (cviii. 
846, p. 67) has proved the same more perfectly. When, he 
says, strong nitric acid is applied to any compound of proteine 
forms with it what is termed xantho-proteinic acid, which, 
with ammonia, produces a yellow xantho-proteinate of ammo- 
aia. On applying this test, with the requisite cautions, to the 
coats of blood-vessels, he found that the muscular arterial coat 
alone assumed the characteristic yellow colour. The other 
coats, as well as all the coats of veins, remained unchanged in 
colour. He found also that potash acts on the coat of arteries, 
as on organic muscle, separating its fibres, making them granu- 
ar, and finally dissolving them. For this coat, therefore, the 
mame of muscular, applied by Hunter, may be retained. 

These two coats exist in different relative degrees of thick- 
mess in different arteries; and, in general, are in an inverse 
ratio to each other, for the arteries which possess most elastic 
tissue have the least muscular tissue, while those whose walls 
are most muscular, are in general the least elastic. In the 
large arteries, such as the aorta and its main branches, scarcely 
ia trace of the muscular coat can be found, nearly the whole 
thickness of their walls consisting of elastic tissue. But in the 
arteries farther removed from the heart, and of smaller size, the 
‘proportionate thickness of the elastic coat gradually diminishes, 
while, as a general rule, that of the muscular coat progressively 
‘increases. Moreover, in the arteries of certain organs, probably 
of those in which the supply of blood is subject to greater than 
jusual variations in adaptation to fluctuations in the amount of 
function they discharge, there is a proportionately greater deve- 
‘lopment of the muscular coat. 

Of the properties which the arteries possess in these two 
coats, the muscularity has its seat exclusively in the muscular 
‘coat, and no artery without this coat would present any con- 
‘traction similar to that of muscles. But elasticity is a property 
not exclusively, though especially, seated in the elastic coat ; 
jrather, all the coats, except perhaps the internal, are in some 
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measure elastic, and will recoil after being distended; and the 
effect their elasticity produces is yet further assisted by the 
elasticity of the tissues around them. 


The purposes of the elasticity of arteries are chiefly twofold : 
ist. It guards them from the suddenly exerted pressure to 
which they are subjected at each contraction of the ventricles. 
In every such contraction, the contents of the ventricles are 
forced into the arteries more quickly than they can be dis- 
charged into and through the capillaries. The blood, therefore, 
being, for an instant, resisted in its onward course, a part of the 
force with which it was impelled is directed against the sides 
of the arteries; under this force, which might burst a brittle 
tube, their elastic walls dilate, stretching enough to receive the 
blood, and as they stretch becoming more tense and more re- 
sisting. Thus, by yielding they, as it were, break the shock of 
the force impelling the blood, and exhaust it before they are in 
danger of bursting through being over-stretched. Elasticity is 
thus advantageous in all arteries, but chiefly so in the aorta 
and its large branches, which are provided, as already said, 
with a large quantity of elastic tissue, in adaptation to the 
great force of the left ventricle which falls first on them, and to 
the inereased pressure of the arterial blood in violent expira- 
tory efforts. 

On the subsidence of the pressure, when the ventricles cease 
contracting, the arteries are able, by the same elasticity, to 
resume their former calibre; and in thus doing, they manifest 
the second chief purpose of their elasticity, that, namely, of 
equalizing the current of the blood by maintaining pressure on 
the blood in the arteries during the periods at which the ven- 
tricles are at rest or dilating. If some such method as this had 
not been adopted, if, for example, the arteries had been rigid 
tubes, the blood, instead of flowing as it does, in a constant 
stream, would have been propelled through the arterial system 
in a series of jerks corresponding to the ventricular contractions, 
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with intervals of almost complete rest during the inaction of 
the ventricles. But, in the actual condition of the arteries, the 
orce of the successive contractions of the ventricles is expend- 
ed partly in the direct propulsion of the blood, and partly in 
jilating the elastic arteries; and in the intervals between the 
eontractions of the ventricles, the force of the recoiling and con- 
sracting arteries is employed in continuing the same direct 
oropulsion. Of course the pressure exercised by the recoiling 
arteries is equally diffused in every direction through the blood, 
and the blood would tend to move backwards as well as onwards; 
out all movement backwards is prevented by the closure of the 
arterial valves, which takes place at the very commencement of 
the recoil of the arterial walls. 

By this exercise of the elasticity of the arteries, all the 
foree of the ventricles is made advantageous to the circulation ; 
‘or that part of their force which is expended in dilating the 
arteries is restored in full, according to the law of action 
of elastic bodies, by which they return to the state of rest 
with a foree equal to that by which they were disturbed there- 
‘rom. There is thus no loss of force; but neither is there 
any gain, for the elastic walls of the artery cannot originate 
any force for the propulsion of the blood —they only restore 
that which they received from the ventricles; they would 
not contract, had they not been first dilated, any more than a 
spiral spring would shorten itself unless it were first elongated. 
The advantage of elasticity in this regard is, therefore, not that 
t increases, but that it equalises or diffuses the forces derived 
rom the periodic contractions of the ventricles. The force with 
which the arteries are dilated every time the ventricles contract 
might be said to be received by them in store, to be all given 
»ut again in the next succeeding period of dilatation of the ven- 
icles. It is by this equalising influence of the successive 
sranches of every artery that, at length, the intermittent accele- 
ations produced in the arterial current by the action of the 
seart cease to be observable, and the jetting stream is con- 
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verted into the continuous and equable movement of the blood 
which we see in the capillaries and veins. 

Two other purposes served by the elasticity of arteries must 
not be overlooked. One is the capacity which the arteries have 
for receiving more than the average quantity of blood, both every 
time the ventricles contract, and when the supply of blood to 
the whole body or any part of it is, for a time, unusually 
large. In all such cases the enlargement of the arteries is 
effected by increase of both their diameter and their length ; 
and the elongation appears to be, generally, more considerable 
than the dilatation. The other purpose served by the elas- 
ticity is, that by means of it the arteries are enabled to adapt 
themselves to the different movements of the several parts of 
the body. 


The evidence for the muscularity of arteries needs probably 
to be given at length, since, even recently, some physiologists 
have denied that the arterial walls possess any property analo- 
gous to muscular contractility. We have already referred to 
Mr. Hunter’s account of the muscular structure of the inner 
layer of the middle coat of all but the largest arteries, and to 
the fact, first observed by Henle, that this layer is composed 
of fibres in all respects similar to those of organic muscle, though 
mingled with fine elastic filaments. The observation of the 
action of arteries will shew, Ist, The operation of a contrac- 
tile power in arteries essentially distinct from their elasticity ; 
and 2ndly, the identity of this power with muscular contrae- 
tility. 

When a small artery in the living subject is exposed to the air 
or cold, it gradually but manifestly contracts. Hunter (i. vol. iii. 
p- 157) observed that the posterior tibial artery of a dog when 
laid bare became in a short time so much contracted as almost 
to prevent the transmission of blood; and the observation has 
been often and variously confirmed. Simple elasticity could 
not effect this ; for after death, when the vital muscular power 
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thas ceased, and the mechanical elastic one alone operates, the 
‘contracted artery dilates again. 

When an artery is cut across its divided ends contract, and 
‘the orifices may be completely closed. The rapidity and com- 
jpleteness of this contraction are different in different animals ; 
ithey are generally greater in young than in old animals; and 
‘less, apparently, in man than in animals. The contraction 
‘is generally increased by the application of cold, or of any simple 
‘stimulating substances, or by mechanically irritating the cut 
, ends of the artery, as by pricking or twisting them. Such irrita- 
‘tion would not be followed by these effects if the arteries had no 
‘other power of contracting than that depending upon elasticity. 

The contractile property of arteries continues many hours after 
‘death, and thus affords an opportunity of distinguishing it from 
elasticity. When a portion of an artery, for example, the 
ssplenic artery, of a recently killed animal, is exposed, it gradu- 
sally contracts, and its canal may be thus completely closed: 
in this contracted state it remains for a time, varying from a 
‘few hours to two days ; then it dilates again, and permanently 
‘retains the same size. If while contracted, the artery be 
‘forcibly distended, its contractility is destroyed, and it holds a 
smiddle or natural size. 

This persistence of the contractile property after death was 
»well shewn in an observation of Hunter, which may be men- 

tioned as proving also the greater degree of contractility pos- 
ssessed by the smaller than the larger arteries, Having injected 
‘the uterus of a cow, which had been removed from the animal 
jupwards of twenty-four hours, he found, after the lapse of 
janother day, that the larger vessels had become much more 
)turgid than when he injected them, and that the smaller arte- 
‘ries had contracted so as to force the injection back into the 
i larger ones. 

The results of an experiment which Hunter made with the 
rvessels of an umbilical cord, proves still more strikingly, 
ithe long continuance of the contractile power of arteries after 
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death. In a woman delivered on a Thursday afternoon, the 
umbilical cord was separated from the foetus, having been first 
tied in two places, and then cut between, so that the blood 
contained in the cord and placenta was confined in them. 
On the following morning, Hunter tied a string round the 
cord, about an inch below the other ligature, that the blood 
might still be confined in the placenta and remaining cord. 
Having cut off this piece, and allowed all the blood to escape 
from its vessels, he attentively observed to what size the ends 
of the cut arteries were brought by the elasticity of their coats, 
and then laid aside the piece of cord to see the influence of the 
contractile power of its vessels. On Saturday morning, the 
day after, the mouths of the arteries were completely closed up. 
He repeated the experiment the same day with another portion 
of the same cord, and of the following morning found the re- 
sults to be precisely similar. On the Sunday, he performed the 
experiment the third time, but the artery seemed then to have 
lost its contractility, for, on the Monday morning, the mouths 
of the cut arteries were found open. In each of these experi- 
ments*there was but little alteration perceived in the orifices of 
the veins (i. vol. iii. p. 158). 

The influence of cold in increasing the contraction of a di- 
vided artery has been referred to: it has been shewn, also, by 
Schwann, in an experiment on the mesentery of a living toad. 
Having extended the mesentery under the microscope, he placed 
upon it a few drops of water, the temperature of which was 
some degrees lower than that of the atmosphere. The con- 
traction of the vessels soon commenced, and gradually increased 
until, at the expiration of ten or fifteen minutes, the diameter 
of the canal of an artery, which at first was 0°0724 of an 
English line, was reduced to 0°0276. The arteries then dilated 
again, and at the expiration of half an hour had acquired nearly 
their original size. By renewing the application of the water, 
the contraction was reproduced: in this way the experiment 
could be performed several times on the same artery. The 
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veins did not contract. It is thus proved that cold will excite 
‘ontraction in the walls of very small, as well as of compara- 
‘ively large arteries: it could not produce such contraction in a 
nerely elastic substance ; but it is a stimulus to the organic 
muscular fibres in many other parts, as well as in the arterial 
roats ; as, e.g. in the walls of the bronchi, and the dartos. 

Lastly, satisfactory evidence of the muscularity of the arterial 
oats is furnished by the experiments of Ed. and E. H. Weber 
‘LXXX. 1847, p. 232), in which they applied the stimulus of 
electro-magnetism to small arteries. One principal circumstance 
which induced Miiller to deny the muscularity of arteries, 
was the seeming impossibility of producing contractions in 
arteries by galvanic and electric stimuli, which excite all true 
nuscular tissues to manifest contraction. An explanation of the 
vailure may be found in the circumstance that, in nearly all the 
»xperiments, the arteries examined were of large size, such as 
he aorta and the carotids, in which there is little or no mus- 
sular tissue. The experiments of the Webers were performed 
om the small mesenteric arteries of frogs ; and the most striking 
sesults were obtained, when the diameter of the vessels’ ex- 
amined did not exceed from + to = of a Paris line. Whena 
vessel of this size was exposed to the electric current, its dia- 
meter, in from five to ten seconds, became one-third less, and 
he area of its section about one-half. On continuing the sti- 
nulus, the narrowing gradually increased, until the calibre of 
the tube became from three to six times smaller than it was at 
irst, so that only a single row of blood-corpuscles could pass 
slong it at once; and eventually the vessel was closed and the 
surrent of blood arrested. 

Thus, with the exception of the largest trunks, the arteries 
ippear to offer every necessary evidence of muscularity. One of 
heir coats has the structure and chemical composition of organic 
muscle ; and, like such muscle, they contract on exposure, on 
livision and mechanical irritation, after death with a kind of 
vigor mortis, on the application of cold, and under the stimulus 
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of electricity: in all these contractions they are reduced to a 
size less than that which their mere elasticity would give them, 
and from all they are commonly, after a time, again by their 
elasticity restored to a larger size. 

With regard to the purpose served by the muscular coat of 
the arteries, there appears no sufficient reason for supposing that 
it, in any way, assists in propelling the onward current of blood. 
It could not do so unless it possessed the property of alternately 
contracting and relaxing coincidently with the relaxation and 
contraction of the ventricles ; or unless it had a kind of peri- — 
staltic or vermicular movement commencing at the heart, and 
thence propagating itself rapidly along the several arteries ; but 
there is no evidence to shew that the arteries ever contract in 
either of these modes. The most probable office of the muscular 
coat is that of regulating the quantity of blood to be received by 
each part, and of adjusting it to the requirements of each, accord- 
ing to various circumstances ; but, chiefly and most naturally, 
according to the activity with which the functions of each part 
are at different times performed. The amount of function dis- 
charged by each organ of the body varies at different times, and 
the variations often quickly succeed each other, so that, like the | 
brain, for example, during sleep and waking, within the same hour, 
a part may be now very active and then inactive. In all its active 
exercise of function, such a part requires a larger supply of blood 
than is sufficient for it during the times when it is comparative- 
ly inactive. It is evident that the heart cannot regulate the 
supply to each part at different periods, neither could it be re- 
gulated by any general and uniform contraction of the arteries ; 
but it may be regulated by the power which the arteries of each 
part have, in their muscular coat, of contracting so as to diminish, 
and of dilating to increase, the supply of blood according to the 
need, And thus, while the ventricles of the heart determine the 
total quantity of blood to be sent onwards at each contraction, 
and the force of its propulsion, and while the large and merely 
elastic arteries distribute it and equalise its stream, the smaller 
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arteries with muscular coats add to these two purposes, that of 
regulating and determining the proportion of the whole quan- 
\tity of blood which shall be distributed to each part. 

The contraction of an artery may also be regarded as fulfilling a 
matural purpose when, the artery being cut, it first limits and then 
sarrests the escape of blood. It is only because of such contrac- 
ition that we are free from danger through even very slight 
‘wounds ; for it is only when the artery is closed that the pro- 
cesses for the more permanent and secure prevention of bleeding 
jare established. 

There are occasions in which the whole of the arteries appear 
‘to be contracted; such are those of diseases attended with a 
small hard pulse, but they probably occur only in morbid condi- 
‘tions, and physiology appears incapable of explaining them. 

The normal contraction of arteries is probably excited through 
the instrumentality of the nerve-fibres of the sympathetic sys- 
‘tem distributed in their walls, and connected through the me- 
‘dium of ganglia with the fibres supplying the organ to which 
ssuch arteries convey blood. 


From what has been said in the preceding pages, it appears 
‘that the office of the arteries in the circulation is, 1st. the con- 
iveyance and distribution of blood to the several parts; 2nd. the 
vequalization of the current, and the conversion of the pulsatile, 
jetting movement given to the blood by the ventricles, into the 
runiform flow; 3rd. the regulation of the supply of blood to 
veach part. In explanation of the mode in which by the com- 
‘bination of the elastic and muscular coats of arteries this 
‘three-fold office is accomplished, we may use, as a summary of 
what has been already said; the words of Mr. Hunter, who 
‘observes that, “there are three states in which an artery is 
found, viz. 1st. the natural pervious state ; 2nd. the stretched; 
‘and 3rd. the contracted state, which may or may not he per- 
‘vious. The natural pervious state is that to which the elastic 
power naturally brings a vessel which has been stretched beyond 
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or contracted within the extent which it held in a state of rest. 
The stretched is that state produced by the impulse of the 
blood in consequence of the contraction of the heart: from 
which it is again brought back to the natural state by the 
elastic power, perhaps assisted by the muscular. The con- 
tracted state of an artery arises from the action of the muscular 
power, and is again restored to the natural state by the elastic” 
(i. vol. iii. p. 159). 
The Pulse. 


The jetting movement of the blood which, as just stated, it is 
one of the offices of the arteries to change and put an end to, is 
the cause of the pulse, and therefore needs a separate considera- 
tion. We have already said that as the blood is not able to 
pass through the arteries so quickly as it is forced into them by 
the ventricle, on account of the resistance it experiences in the 
capillaries, a part of the force with which the heart impels the 
blood is exercised upon the walls of the vessels which it dis- 
tends. The distension of each artery increases both its length 
and its diameter; but the elongation is the most considerable. 
In their elongation the arteries change their form, the straight 
ones becoming curved, and those already curved becoming more 
so ;* but they recover their previous form as well as their diame- 
ter when the ventricular contraction ceases, and their elastic 
walls recoil. The increase of their curves which accompanies 
the distension of arteries, and the succeeding recoil, may be 
well seen in the prominent temporal artery of an old person. 
The elongation of the artery is in such a case quite manifest. 

The dilatation or increase of the diameter of the artery is less 
evident. In several reptiles it may be seen without aid in the 
immediate vicinity of the heart (i. vol. ill. p. 216, note), and it 


* There is, perhaps, an exception to this in the case of the aorta, of which 
the curve is by some supposed to be diminished when it is elongated ; but if 
this be so, it is because only one end of the arch is immovable ; the other end, 
with the heart, may move forward slightly when the ventricles contract. 
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aay be watched, with a simple magnifying glass, in the aorta of 
ne tadpole. Its slight amount in smaller arteries, the difficulty of 
oserving them in opaque parts, and the rapidity with which it 
kes place, are sufficient to account for its being, in mammalia, 
nperceptible to the eye. But in these also experiment has made 
s occurrence probable. Poiseuille (Lxii. t. ix. p. 44) laid bare 
1e common carotid of a Jiving horse for the space of about 
velve inches, and passed beneath it a tube of metal open at 
ne side, which he afterwards closed by means of a narrower 
ortion, so as to complete the tube; he then stopped the ends of 
ae tube, and filled the interior around the artery with water, 
y means of a glass tube which was connected with the metallic 
abe. At every pulsation the water rose 70 millimeters* in the 
sass tube, the diameter of which was 3 millimeters, and fell 
yain the same distance during each interval. The included 
wrtion of artery measured in length 180 millimeters, and its 
pacity equalled 11,440 cubic millimeters ; and since at every 
eat of the heart it underwent an increase of capacity equal to 
‘column of water of 3 millimeters in diameter and 70 milli- 
seters in height, or about 494 cubic millimeters, it follows that 
was enlarged about | of its capacity. It is probable that part 
’ this enlargement was owing to dilatation: and Flourens, in 
vidence of such dilatation, says he encircled a large artery with 
‘thin elastic metallic ring cleft at one point, and that at the 
oment of pulsation the cleft part became perceptibly widened. 
This dilatation of an artery, and its elongation producing 
urvature, or increasing its natural curves, are sensible to the 
oger placed over it, and produce the pulse. The mind cannot 
stinguish the sensation produced by the dilatation, from that 
foduced by the elongation and curving; that which it per- 
ives most plainly is the curving, or, as it may be called, the 
zomotion of the artery; the portion that is under the finger 
ghtly shifting its place as it lengthens in pulsation. 
‘Such, it is generally agreed, is the cause of the pulse felt in 


* A millimeter equals 0:0393708 of an English inch. 
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any artery; it is produced by the elongation and dilatation of — 
the part under the finger, when it receives its portion of the 
fresh quantity of blood just discharged from the left ventricle 
into the aorta and its branches. But some doubt still exists in 
reference to the manner in which the pulse is propagated from 
one part of the arterial system to another. According to the 
theory of the pulse advanced by E. H. Weber (txvi.), and 
adopted by Miiller, the impulse given to the blood by the 
heart distends first merely the arteries nearest to the heart. | 
These, by their elasticity, again contract, and thus cause the 
distension of the next portion of the arterial system, which 
also, in its turn, by contracting, forces the blood into the | 
next portions, and so on; so that a certain interval of time, 
although a very short one, elapses before this undulation, re-— 
sulting from the successive compressions of the blood and the 
dilatation and contraction of the arteries, reaches the most dis- 
tant parts of the system. In this view, the arterial pulse is’ 
regarded as the effect of an oscillation or undulation, produced 
first by the pressure on the blood in the aorta by the contract- 
ing left ventricle, and thence propagated along the walls of the 
arteries, and along the blood itself. , 
But against this theory a very forcible objection presents | 

\ 


itself in the fact, recently pointed out by Mr. F. H. Colt (Lxxi. 
vol. xxxvi. p. 456), namely, that the pulse is perceived in | 
every part of the arterial system previous to the occurrence 
of the second sound of the heart, that is, previous to the 
closure of the aortic valves. Now, if the pulse were the | 
effect of a wave propagated by the alternate dilatation ane f 
contraction of successive portions of the arterial tube, it ought § 
in all the arteries except those “nearest to the heart” to. 
follow, or coincide with, but could never precede, the secone 
sound of the heart; for the first effect of the elastic recoil 0 
the arteries first dilated (which recoil, on Weber’s theory, 
causes the dilatation and pulse in the arteries following 
those nearest to the heart), is the closure of the aortic valves, 
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d their closure produces the second sound. It appears im- 
ssible to reconcile Weber’s theory with this fact ; the con- 
sction of the arteries nearest to the heart, which he supposes 
‘produce the pulse in those further on, certainly produces, by 
»sing the valves, the second sound of the heart; yet, this 
und always follows the pulse even in the most distant arte- 
*s in which it can be felt. It seems certain, therefore, that 
e contraction of the arteries nearest the heart does not take 
ace till after the pulse in the more distant ones. 
The theory proposed by Mr. Colt, which seems to reconcile 
the facts of the case, and especially those two which appear 
ost opposed, namely, that the pulse always precedes the se- 
nd sound of the heart, and yet is later in the arteries far from 
e heart than in those near it, may be thus stated:—It sup- 
sses that the blood which is impelled onwards by the left ven- 
-cle does not so impart its pressure to what the arteries already 
ntain as to dilate the whole arterial system at once; but that 
it enters the arteries it displaces and propels what they before 
mtained, and flows on with what may be called a head-wave, 
xe that which is formed when a rapid stream of water over- 
«es another moving more slowly. The slower stream offers 
sistance to the more rapid one, till their velocities are equal- 
ed: and, because of such resistance, some of the force of the 
ore rapid stream of blood just expelled from the ventricle, is 
verted laterally, and with the rising of the wave the arteries 
varest the heart are dilated and elongated. They do not at 
ce recoil, but continue to be distended so long as blood is en- 
ring them from the ventricle. The wave at the head of the 
pre rapid stream of blood runs on, propelled and maintained in 
' velocity by the continuous contraction of the ventricle: and 
‘thus dilates in succession every portion of the arterial system, 
d produces the pulse in all, The rate of its movement, which 
presents also the velocity of the blood in the arteries during 
2 ventricular contraction, may be estimated by the interval 
‘tween the pulses near and far from the heart. At length, the 
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whole arterial system (wherein a pulse can be felt) is dilated ; 
and at this time, when the wave we have supposed has reached 
all the smaller arteries, the entire system may be said to be si- 
multaneously dilated; then it begins to contract, and the con 
tractions of its several parts ensue in the same succession as the 
dilatations, commencing at the heart. The contraction of the 
first portion produces the closure of the valves and the second 
sound of the heart ; and both it and the progressive contractions 
of all the more distant parts maintain, as already said, that 
pressure on the blood during the inaction of the ventricle by 
which the stream of the arterial blood is sustained between the 
jets, and is finally equalized by the time it reaches the capil- — 
laries. 
It may seem an objection to this theory that it would pro-— 
bably require a larger quantity of blood to dilate all the arteries ! 
than can be discharged by the ventricle at each contraction. — 
But the quantity necessary for such a purpose is less than might — 
be supposed. Injections of the arteries prove that, including all 
down to those of about one-eighth of a line in diameter, they 
do not contain, on an average, more than one and a half pints of 
fluid even when distended. There can be no doubt, therefore, 
that the three ounces which the ventricle is supposed to discharge 
at each contraction, being added to that which already fills the 
arteries, would be sufficient to distend them all at once. 


Force of the Blood in the Arteries. 


The force with which the ventricles act in their contraction, 
and the reasons for believing it sufficient for the circulation of 
the blood, have been already mentioned. Both calculation and | 
experiment have proved that very little of this force is consumed 
in the arteries. Dr. Thomas Young (xtiii. vol. xcix) calculated 
that the loss of force in overcoming friction and other hindrances 
in the arteries would be so slight, that if one tube were intro- 
duced into the aorta, and another into any other artery, even 
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ito one as fine as a hair, the blood would rise in the tube from 
,e small vessel to within two inches of the height to which it 
ould rise from the large vessel. The correctness of the calcu- 
tion is established by the experiments of Poiseuille (1xil. t. viil. 
272), who invented an instrument Fig. 6. 
amed a heemadynamometer, for estimat- 
ig the statical pressure exercised by the 
‘ood upon the walls of the arteries. It 
msists of a long glass tube bent so as to 
ive a short horizontal portion (fig. 6, 
), a branch (2) descending at right-angles 
om it, and a long ascending branch (3). 
fereury poured into the ascending and 
escending portions will necessarily have 
ae same level in both branches, and in 
| perpendicular position the height of its 
lumn must be the same in both. If, 
yw, the blood is made to flow from an 
‘tery through the horizontal portion of 
ae tube (which should contain a solution 
‘carbonate of potash to prevent coagula- 
on) into the descending branch, it will 
sert on the mercury a pressure equal to 
ae force by which it is moved in the 
rteries, and the mercury will, in con- 
quence, descend in this branch, and 
scend in the other. The depth to which it sinks in the one 
ranch, added to the height to which it rises in the other, will 
ve the whole height of the column of mercury which balances 
ue pressure exerted by the blood; the weight of the blood 
hich takes the place of the mercury in the descending branch, 
ad which is more than ten times less than the same quantity 
‘quicksilver, being subtracted. Poiseuille thus calculated the 


‘ree with which the blood moves in an artery according to 


1e laws of hydrostatics, from the diameter of the artery, and 
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the height of the column of quicksilver; that is to say, from 
the weight of a column of mercury whose base is a circle of 
the same diameter as the artery, and whose height is equal to 
the difference in the levels of the mercury in the two branches 
of the instrument. He found the blood’s pressure equal in all 
the arteries examined; difference in size, and distance from the 
heart, being unattended by any corresponding difference of force in 
the circulation. The height of the column of mercury displaced 
by the blood was the same in all the arteries of the same animal. 

From the mean result of several observations on horses and 
dogs he calculated that the force with which the blood is moved 
in any large artery is capable of supporting a column of mercury 
six inches and one and a-half lines in height, or a column of 
water seven feet one line in height. With these results the more 
recent observations of Valentin (iv. p. 441), Spengler (Lxxx. 
1844), and Ludwig (Lxxx. 1847, p. 242), closely accord. Pois- 
euille’s experiments having thus shewn to him that the force of 
the blood’s motion is the same in the most different arteries, he 
concluded that to measure the amount of the blood’s pressure in 
any artery of which the calibre is known, it is necessary merely 
to multiply the area of a transverse section of the vessel by the 
height of the column of mercury which is already known to be 
supported by the force of the blood in any part of the arterial 
system. The weight of a column of mercury of the dimensions 
thus found will represent the pressure exerted by the column of 
blood. And assuming that the mean of the greatest and least 
height of the column of mercury found by experiments on dif- 
ferent animals to be supported by the force of the blood in them, 
is equivalent to the height of the column which the force of the 
blood in the human aorta would support, he calculated that 
about 4]bs. 4 0z. avoirdupois will indicate the static force 
with which the blood is impelled into the human aorta. By 
the same calculation, he estimates the force of the circulation in 
the aorta of the mare to be about 11 Ibs. 9 oz. avoirdupois : and 
that in the radial artery at the human wrist only 4 drs. We have 
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lready seen that the muscular force of the right ventricle is 
qual to only half that of the left, consequently if Poiseuille’s 
stimate of the latter is correct, the foree with which the blood 

propelled into the lungs will only be equal to two pounds 
WO Ounces avoirdupois. 

The amounts above stated indicate the pressure exerted 
y the blood at the several parts of the arterial system at the 
me of the ventricular contraction. During the dilatation this 
ressure is somewhat diminished. Hales observed that the 
olumn of blood in the tube inserted into an artery falls an inch 
w rather more after each pulse; Ludwig (Lxxx. 1847, p. 242) 
as observed the same, and recorded it more minutely. The 
wessure is also influenced by the various circumstances which 
ect the action of the heart ; the diminution or increase of the 
ressure being proportioned to the weaker or stronger action of 
ais organ. Valentin observed that, by increasing the amount 
“blood by the injection of a fresh quantity into it, the pressure 
. the vessels was also increased, while a contrary effect ensued 
1 diminishing the quantity of blood. 

Poiseuille, Ludwig, and others have confirmed what Haller 
id Magendie observed, namely that the strength of the blood’s 
pulse in the arteries is increased during expiration ; in which 
t the chest is contracted, and the large vessels in consequence 
mpressed. The column of mercury in the hemadynamome- 
m rises somewhat at each expiration, and falls during inspira- 
on. The extent of the rise and fall of the mercury observed 
> Poiseuille was the same in arteries the distance of which 
om the heart was different ; and in ordinary tranquil respira- 
5n amounted to from four to ten lines. The decrease of the 
‘terial blood’s impulse in inspiration is in some persons so great, 
sat the pulse at the radial artery becomes imperceptible when 
spiration is long continued and the breath held; its increase 

expiration is well shewn in the increased pain and throbs of 

inflamed part during coughing, and in the frequency of rup- 
we in diseased arteries during violent expiratory efforts. These 
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things will be again referred to in speaking of the movement of 
the venous blood. 


THE CAPILLARIES. 


In all organic textures the transmission of the blood from 
the minute branches of the arteries to the minute veins is 
effected through a network of microscopic vessels, in the meshes 
of which the proper substance 
of the tissue lies. This may 
be seen in all minutely in- 
jected preparations ; and dur- 
ing life, by the aid of the 
microscope, in any transpa- 
rent parts,—such as the web 
of the frog’s foot, the lungs, 
tongue, and urinary bladder 
of the frog, the tail or exter- 
nal branchie of the tadpole, 
the incubated egg, young 
fishes, the wings of the bat, 
and the mesentery of all 
Vertebrata, — and even in 
some opaque textures of the 
larva of the salamander by 
means of a simple micro- 
scope. The ramifications of 
the minute arteries form repeated anastomoses with each other, 
and give off the capillaries which, by their anastomoses, com- 
pose a continuous and uniform network, from which the venous 
radicles, on the other hand, take their rise. The reticulated 
vessels, connecting the arteries and veins, are called capillary, 
on account of their minute size; and intermediate vessels, on 
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* Fig. 7, shews the mode in which the radicles of the venous trunk a, 4, 
take their rise from the terminal branches of the arterial trunk 0. 
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scount of their position. The point at which the arteries 
‘rminate and the minute veins commence cannot be exactly 
efined, for the transition is gradual; but the intermediate net- 
ork has, nevertheless, this peculiarity, that the small vessels 
hich compose it maintain the same diameter throughout : 
ey do not diminish in diameter in one direction, like arteries 
ad veins; and the meshes of the network that they compose 
ve more uniform in shape and size than are those formed by 
e anastomoses of the minute arteries and veins. 


The diameter of the capillary vessels varies somewhat in the 
ifferent textures of the body, the most common size being 
out sth of an inch. Among the smallest may be mentioned 
ose of the brain, and of the mucous membrane of the intes- 
nes; among the largest those of the skin, and especially of 
e medulla of bones. 

The form of the capillary network presents considerable 
riety in the different textures of the body: the varieties con- 
sting principally of modifications of two chief kinds of mesh, 
e rounded and the elongated. That kind in which the meshes 
interspaces have a roundish form is the most common, and 
evails in those parts in which the capillary network is most 
nse, such as the lungs, most glands, and mucous membranes, 
d the cutis. The meshes of this kind of network are not 
ite circular, but more or less angular, sometimes presenting a 
sarly regular quadrangular or polygonal form, but being more fre- 
vently irregular. The capillary network with elongated meshes 
observed in parts in which the vessels are arranged among 
mdles of fine tubes or fibres, as in muscles and nerves, In such 
rts the meshes usually have the form of a parallelogram, the 
ort sides of which may be from three to eight or ten times less 
un the long ones ; the long sides always corresponding to the 
's of the fibre or tube, by which it is placed. The appearance 
h of the rounded and elongated mesh is much varied accord- 
‘as the vessels composing it have a straight or tortuous form. 
netimes the capillaries have a looped arrangement, a single 

G 


1) CIRCULATION. 


capillary projecting from the common network into some promi- 
nent organ, and returning after forming one or more loops, as in 
the papillee of the tongue and skin. Whatever be the form of 
the capillary network in any tissue or organ, it is, as a rule, 
found to prevail in the corresponding parts of all animals. 

The number of the capillaries and the size of the meshes in 
different parts determine in general the degree of vascularity of 
those parts. —The parts in which the network of capillaries is 
closest, that is, in which the meshes or interspaces are the 
smallest, are the lungs and the choroid membrane of the eye. 
In the iris and ciliary body, the interspaces are somewhat 
wider, yet very small. In the human liver, the interspaces are 
of the same size, or even smaller than the capillary vessels 
themselves. In the human lung they are smaller than the 
vessels. In the human kidney, and in the kidney of the dog, 
the diameter of the injected capillaries, compared with that of 
the interspaces, is in the proportion of one to four, or of one to 
three. The brain receives a very large quantity of blood; but 
the capillaries in which the blood is distributed through its sub- 
stance are very minute, and less numerous than in some other 
parts, their diameter, according to E. H. Weber, compared with 
the long diameter of the meshes, being in the proportion of one 
to eight or ten; compared with the transverse diameter, in the 
proportion of one to four or six. In the mucous membranes— 
for example, in the conjunctiva—and in the cutis vera, the capil- 
lary vessels are much larger than in the brain, and the inter- 
spaces narrower,—namely, not more than three or four times 
wider than the vessels. In the periosteum the meshes are much 
larger. In the cellular coat of arteries, the width of the meshes 
is ten times that of the vessels (Henle). 

It may be held as a general rule that the more active the fune- 
tions of an organ are the more vascular it is, that is, the closer is 
its capillary network and the larger its supply of blood. Hence 
the narrowness of the interspaces in all glandular organs, in mu- 
cous membranes, and in growing parts; their much greater width 
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in bones, ligaments, and other very tough and comparatively in- 
active tissues ; and the complete absence of vessels in cartilages, 
the dense tendons of adults, and such parts, in which, probably, 
very little organic change occurs after they are once formed. 
But the general rule must be modified by the consideration that 
some organs, such as the brain, though they have small and not 
closely arranged capillaries, may receive large supplies of blood 
by reason of its more rapid movement. When an organ has 
large arterial trunks and a comparatively small supply of capil- 
laries, the movement of the blood through it will be so quick, that 
it may in a given time receive as much fresh blood as a more vas- 
-eular part with smaller trunks, though at any given instant the 
less vascular part will have in it a smaller quantity of blood. 
Microscopic observations and minute injections have shewn 
‘that the capillary vessels are merely the fine tubes which form 
ithe medium of transition from arteries to veins, and that no other 
‘kind of vessel arises from them ; that the minute arteries have no 
‘other mode of termination than the communication with the veins 
by means of the capillaries ; in a word, that there are no exha- 
ant or other vessels terminating by open extremities. The hy- 
pothesis of the existence of such vessels is alike unnecessary to 
ithe explanation of secretion, growth, nutrition, and all the other 
‘functions of a part. All that these functions require of the ves- 
sels is, that, for each tissue, the blood should be brought so near 
to the active elements of the tissue, that some of its fluid part 
may be absorbed or imbibed by them. And the distance through 
which such imbibition is effected is not always small; in the 
rain, for example, those portions of its substance which lie in 
che middle of the wide meshes of the capillary network must be 
nourished by imbibing fluid through the spaces between them 
and the nearest vessels ; so also in bone, where the vessels are 
yet wider apart. But the instances in which such imbibition is 
effected through the greatest distance are in what are called non- 
vascular tissues, which receive no blood-vessels into their own 
substance, and are nourished by the fluid absorbed from the 
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vessels of the adjacent vascular parts ; as the cornea from the 
vessels of the conjunctiva, the lens from those of the posterior 
layer of its capsule, articular cartilage from the vessels of the 
subjacent bone. The difference of nutrition in vascular and non- 
vascular tissues is only one of degree ; in all parts alike the ele- 
mentary structures are outside the vessels, and obtain new ma- 
terials from the blood by imbibition; but the imbibition has to 
be accomplished through a greater distance in the less than in 
the more vascular parts. 

The structure of the capillaries offers little hindrance to such 
imbibition. Their walls are composed of exceedingly fine, trans- 
parent, and apparently homogeneous membrane, in which are 
imbedded, here and there, minute oval corpuscles, probably the 
persistent nuclei of the cells from which the vessels were origi- 
nally formed. Only in the largest capillaries are there traces of 
an epithelial lining like that of the arteries, or of filaments, like 
rudiments of a circularly-fibrous coat. 


{ 


In the Circulation in the Capillaries, as seen in any transpa- 
rent part of a living adult animal by means of the microscope 
(fig. 8), the blood flows with 
a constant equable motion. 
In very young animals the 
motion, though continuous, is 
accelerated at intervals corre- 
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is still more diminished, the red corpuscles are observed to have 
merely the periodic motion, and to remain stationary in the 


* Fig. 8. Capillaries in the web of the frog’s foot magnified, 


sponding to the pulse in the 
larger arteries, and a similar 
motion of the blood is also 
seen in the capillaries of adult 
animals when they are feeble: 
if their exhaustion is so great 
that the power of the heart 
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atervals; while, if the debility of the animal is extreme, they 
‘ven recede somewhat after each impulse, apparently because 
if the elasticity of the capillaries and the tissues round them. 
“hese observations may be added to those already (p. 100) ad- 
‘anced to prove that, even in the state of great debility, the action 
'f the heart is sufficient to impel the blood through the capillary 
vessels. Moreover, Dr. Marshall Hall (xciv. 1843) having placed 
he pectoral fin of an eel in the field of the microscope and com- 
rressed it by the weight of a heavy probe, observed that the 
novernent of the blood in the capillaries became obviously 
ulsatory, the pulsations being synchronous with the contrac- 
‘ons of the ventricle. This power of the heart to propel the 
lood through a second set of capillaries affords an explanation 
° the foetal circulation, and of the more difficult problem, the 
‘reulation through the acardiac fetus. The pulsatory motion of 
1e blood in the capillaries cannot be attributed to an action in 
1ese vessels; for, when the animal is tranquil, they present 
ot the slightest change in their diameter. 

It is in the capillaries that the chief resistance is offered to 
se progress of the blood ; for in them the friction of the blood 
greatly increased by the enormous multiplication of the sur- 
ces with which it is brought in contact. The velocity of the 
00d is, also, in them reduced to its minimum, because of the 
idening of the stream. If, as Professor Miiller says, the sec- 
mal area of all the branches of a vessel united were always 
‘e same as that of the vessel from which they arise, and if the 
wregate sectional area of the capillary vessels were equal to 
at of the aorta, the mean rapidity of the blood’s motion in the 
pillaries would be the same as in the aorta and largest arteries ; 
d, if a similar correspondence of capacity existed in the veins 
id arteries, there-would be an equal correspondence in the 
vidity of the circulation in them. It is quite true that the 
«e with which the blood is propelled in the arteries, as shewn 
the quantity of blood which escapes from thern in a certain 
ace of time, is much greater than that with which it moves in 
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the veins; but this force has to overcome all the resistance 
offered in the arterial and capillary system,—the heart itself, 
indeed, must overcome this resistance ; so that the excess of the 
force of the blood’s motion in the arteries is expended in over- 
coming this resistance, and the rapidity of the circulation in the 
arteries, even from the commencement of the aorta, would be the 
same as in the veins and capillaries, if the aggregate capacity of 
each of the three systems of vessels were the same. 

But since the aggregate sectional area of the branches is 
greater than that of the trunk from which they arise, the rapid- 
ity of the blood’s motion will necessarily be greater in the trunk, 
and will diminish in proportion as the aggregate capacity of the 
vessels increases during their ramification: in the same manner 
as, other things being equal, the velocity of a stream diminishes 
as it widens. 

The observations of Hales (Lxvii. vol. ii), E. H. Weber (Lxxx. 
1838, p.450) and Valentin (iv. vol. i. p. 468) agree very closely 
as to the rate of the blood in the capillaries of the frog: and the 
mean of their estimates gives the velocity of the systemic capil- 
lary circulation at about one inch per minute. Through the 
pulmonic capillaries the rate of motion, according to Hales, is 
about five times that through the systemic ones. The velocity 
in the capillaries of warm-blooded animals is greater, but has not 
yet been accurately estimated. If it be assumed to be three times 
as great as in the frog, still the estimate may seem too low, and 
inconsistent with the facts which shew that the whole circulation 
is accomplished in about a minute. But the whole length of 
capillary vessels, through which any given portion of blood has 
to pass, probably does not exceed yy of an inch ; and therefore the 
time required for each quantity of blood to traverse its own ap- 
pointed portion of the general capillary system will not be more 
than two seconds: while in the pulmonic capillary system the 
length of time required will be even much less than this. 

The estimates given above are drawn from observations of the 
movements of the red blood-corpuscles, which move in the centre 
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of the stream. At the circumference of the stream, in contact 
with the walls of the vessels, and adhering to them, there is a 
layer of liquor sanguinis which appears to be motionless, The 
existence of this sti// layer, as it is termed, is inferred both from 
the general fact that such an one exists in all fine tubes traversed 
by fluid, and from what can be seen in watching the movements 
of the blood-corpuscles. The red corpuscles occupy the middle 
of the stream, and move with comparative rapidity ; the colour- 
less lymph-corpuscles run much more slowly by the walls of the 
vessel; while next to the wall there is often a transparent 
space in which the fluid appears to be at rest ; for if any of the 
corpuscles happen to be forced within it, they move more slowly 
than before, rolling lazily along the side of the vessel, and often 
adhering to its wall. Part of this slow movement of the pale 
corpuscles, and their occasional stoppage may be due, as E. H. 
Weber has suggested, to their having a natural tendency to ad- 
here to the walls of the vessels. Sometimes, indeed, when the 
motion of the blood is not strong many of the white corpuscles 
collect in a capillary vessel, and for a time entirely prevent the 
passage of the red corpuscles. But there is no doubt such a still 
layer of liquor sanguinis exists next the walls of the vessels, and 
it is between it and the tissues around the vessels that those 
interchanges of particles take place which ensue in nutrition, 
secretion, and absorption by the blood-vessels; interchanges 
which are probably facilitated by the tranquillity of the fluids 
between which they are effected. 

There is no reason for supposing that either the pale or red 
corpuscles ever remain permanently fixed to the wall of the 
vessels, and become united with them, or that they pass through 
the walls to enter into the structure of the tissues. Their office 
appears to be fulfilled exclusively within the vessels. 

The reasons have been already stated for holding that the 
power of the heart is sufficient to propel the blood through 
the capillary system (see page 100). There is, therefore, no 
need of an hypothesis of any action of the capillaries for the 
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regular propulsion of the blood through them; nor is it probable 
that they have such an office. There is some evidence for sup- 
posing that, under certain circumstances, the capillaries can ex- 
ercise an influence on their contents; but, as it will appear, 
the phenomena on which this supposition is founded, are as 
well explained by referring them to the action of the small 
arteries, or to the relation which exists between the tissues 
outside, and the blood within, the capillaries. 

Thus, the capillaries contract on the application of cold: but 
this may be due not to any contraction similar to that of mus- 
cular tissue, but to the elasticity of the capillaries, and the sur- 
rounding tissues which close-in, when, by the contraction of the 
small arteries (which, as already stated, can be made to contract 
by cold), the flow of blood into the capillaries is diminished. 

The apparent contraction of the capillaries on the application 
of certain irritating substances, and during fear, and their dila- 
tation in blushing, may be similarly referred to either their own 
action, or that of the small arteries. 

When the access of oxygen to the lungs is prevented, the cir- 
culation through the pulmonic capillaries is gradually retarded, 
the blood-corpuscles cluster together, and their movement is 
eventually almost arrested, even while the action of the heart 
continues. In inflammation, also, the capillaries of an inflamed 
part are enlarged and distended with blood, which either moves 
very slowly, or is completely at rest. In both these cases the 
change may be due to some influence exercised by the capillaries 
on the blood; but, in both also, it may be that an alteration in 
the blood increases the adhesion of its particles to one another, 
and to the walls of the capillaries, to an amount which the 
propelling action of the heart is not able to overcome. 

The temporary increase in the size of the capillaries, and in 
the quantity of blood moving through them in any part, during 
an unusually active discharge of its functions, has been cited as 
evidence of their exercising some power to determine the amount 
of blood that shall traverse them. Instances of such enlarge- 
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nent are seen in the turgescence of an actively secreting or 
juickly growing part. But the control here displayed may be 
xercised, not by the capillaries, but by that relation, whatever 
»e its nature, which exists between every tissue and the blood, 
und by which the condition of the tissue determines the quantity 
»f blood to be supplied to it; as, in the rudimental state, the 
ondition of each organ or tissue determines the first formation 
ond supply of blood to it. 

It thus appears that the capillaries are capable of contraction 
ind dilatation, but we cannot say whether these changes of size 
wre effected by their proper and primary agency, or are the 
esults of their being merely extensile and elastic, and thereby 
vapable of adapting themselves to changes in the quantity of 


jlood impelled into them. We seem to have at present no 
neans of determining this question. 


The Veins. 


In structure the coats of veins bear a general resemblance to 
hose of arteries. They possess, however, no complete elastic 
oat; what elastic tissue they have is interwoven in their fibro- 
ellular tissue, which, being itself also extensile and elastic, en- 
‘bles them to recover from the temporary extensions to which 
ney are liable. That part of their walls, also, which corre- 
oonds with the muscular coat of the arteries is composed of 
‘bres resembling those of fibro-cellular tissue, rather than of 
ganic muscle. It is probable, however, that this fibro-cellular 
essue is contractile like that of the skin, and that through it 
ae veins possess some power of independently contracting on 
aeir contents. To the great trunks of the veins, where they 
re near the auricles, more of this power is given by a circular 
vyer of striated muscular fibres like those of the auricles, which 
ikes the place of the contractile fibro-cellular tissue, and the ac- 
jon of which has been already referred to (p. 79). But, in the 
est of the veins, the contractile power is probably weak and 
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of slow action ; sufficient, however, to enable them to adapt 
themselves to the size required when they receive less than their 
average supply of blood through the arteries ; while to the usual, 
or more than the usual, supply they are adapted by the exten- 
sile and elastic property of all their coats. 

The chief influence that the veins have in the circulation is 
effected with the help of the valves, which are placed in all veins 
that are subject to local pressure from the muscles between or 
near which they run. The general construction of these valves 
is similar to that of the semilunar valves of the aorta and pul- 
monary artery, already described (p. 82) ; but their free margins 
are turned in the opposite direction, 7. ¢. towards the heart, so 
as to stop any movement of blood backward in the veins. They 
are commonly placed in pairs, at various distances in different 
veins, but almost uniformly in each. In the smaller veins 
single valves are often met with: and three or four are sometimes 
placed together, or near one another, in the largest veins, such 
as the subclavian, and at their junction with the jugular veins. 
The valves are semilunar; the unattached edge being in some 
examples concave, in others straight. They are composed of in- 
extensile fibrous tissue, and are covered with epithelium like 
that lining the veins. During the period of their inaction, when 
the venous blood is flowing in its proper direction, they lie by 
the sides of the veins ; but when in action they close together 
like the valves of the arteries, and offer a complete barrier to 
any backward movement of the blood. 


The principal obstacle to the circulation is already overcome 
when the blood has traversed the capillaries ; and the force of 
the heart, which is not yet consumed, is sufficient to complete 
its passage through the veins, in which the obstructions to its 
movement are very slight. For the formidable obstacle sup- 
posed to be presented by the gravitation of the blood has 
no real existence, since the pressure exercised by the column 
of blood in the arteries will be always sufficient to support @ 
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column of venous blood of the same height as itself; the two 
columns mutually balancing each other. Indeed, so long as 
doth arteries and veins contain continuous columns of blood, the 
‘orce of gravitation, whatever be the position of the body, can 
nave no power to move or resist the motion of any part of the 
olood in any direction : as if one had a circular tube full of 
quid at every part, the fluid might be made to circulate with 
equal facility in either direction, or in any position of the 
cube. The lowest blood-vessels have, of course, to bear the 
greatest amount of pressure ; the pressure on each part being 
Hirectly proportionate to the height of the column of blood above 
‘t: hence their lability to distension. But this pressure bears 
equally on both arteries and veins, and cannot either move, or 
resist the motion of, the fluid they contain, so long as the co- 
sumns of fluid are in both of equal height and continuous. Their 
condition may in this respect be compared with that of a double 
cent tube full of fluid held vertically ; whatever be the height 
and gravitation of the columns of fluid, neither of them can move 
of its own weight, each being supported by the other; yet the 
east pressure on the top of either column will lift up the other ; 
s0, when the body is erect, the least pressure on the column of 
urterial blood may lift up the venous blood, and, were it not for 
che valves, the least pressure on the venous might lift up the 
uurterial column. 

In experiments to determine what proportion of the force of 
the left ventricle remains to propel the blood in the veins, Va- 
entin found that the pressure of the blood in the jugular vein 
fa dog, as estimated by the hemadynamometer, did not amount 
10 more than jth or y,th of that in the carotid artery of the 
same animal ; and this estimate is confirmed, in the instances 
if several other arteries and their corresponding veins, by Mogk 
(Xxxlll. 1845, p. 33). In the upper part of the inferior vena 
sava, Valentin could scarcely detect the existence of any pres- 
ure, nearly the whole force received from the heart having been, 
ipparently, consumed during the passage of the blood through 
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the capillaries (iv. p. 477). But, slight as this remanent force 
might be (and the experiment in which it was estimated would 
reduce the force of the heart below its natural standard), 
it would be enough to complete the circulation of the blood ; 
for, as already stated (p. 96), the spontaneous dilatation of the 
auricles and ventricles, though it may not be forcible enough to 
assist the movement of blood into them, is adapted to offer to 
that movement no obstacle. 

Some assistance is given to the venous circulation by the 7e- 
spiratory movements of the chest; and some occasionally, but 
very effectually and timely, by the actions of the muscles capa- 
ble of pressing on such veins as have valves. 

The effect of muscular pressure on such veins may be thus 
explained. When pressure is applied to any part of a vein, and 
the current of blood in it is obstructed, the portion behind the 
seat of pressure becomes swollen and distended as far back as to 
the next pair of valves. These, acting like the arterial valves, 
and being like them inextensile both in themselves and at their 
margins of attachment, do not follow the vein in its distension, 
but are drawn out towards the axis of the canal. Then, if the 
pressure continues on the vein, the compressed blood, tending 
to move equally in all directions, presses the valves down into 
contact at their free edges, and they close the vein and prevent 
regurgitation of the blood. Thus, whatever force is exercised by 
the pressure of the muscles on the veins is distributed partly in 
pressing the blood onwards in the proper course of the circula- 
tion, and partly in pressing it backwards and closing the valves 
behind. 

The circulation might lose as much as it gains by such 
compression of the veins, if it were not for the numerous ana- 
stomoses by which they communicate with one another; for 
through these, the closing up of the venous channel by the 
backward pressure is prevented from being any serious hindrance 
to the circulation, since the blood, of which the onward course 
is arrested by the closed valves, can at once pass through some 
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nastomosing channel, and proceed on its way by another vein. 
hus, therefore, the effect of muscular pressure upon veins that 
gave valves is turned almost entirely to the advantage of the 
irculation; the pressure of the blood onwards is all advanta- 
-eous, and the pressure of the blood backwards is prevented trom 
veing a hindrance by the closure of the valves and the anasto- 
noses of the veins. 

The effects of such muscular pressure are well shewn by the 
.cceleration of the stream of blood when, in venesection, the mus- 
les of the fore-arm are put in action, and by the general accele- 
‘ation of the circulation during active exercise ; and the nume- 
‘ous movements which are continually taking place in the body 
while awake, though their single effects may be less striking, 
qust be an important auxiliary to the venous circulation. Yet 
hey are not essential ; for the venous circulation continues un- 
paired in parts at rest, in paralysed limbs, and in parts in 
vhich the veins are not subject to any muscular pressure. 

The respiratory movements of the chest also assist the circu- 
ution of the blood in the systemic veins: at least, the more 
reible respiratory movements do; the ordinary ones are too 
~eak to produce any considerable effect. The effect of expira- 
on in increasing the pressure of the blood in the arteries has 
een already mentioned (page 119), and is minutely illustrated 
y the experiments of Ludwig (Lxxx. 1847, p. 242). It acts 
; the pressure of contracting muscles does upon the veins, and 

advantageous to the movement of arterial blood while the 
»rtic valves are closed, because during this time the backward 
essure cannot wholly neutralize the benefit of the pressure 
rwards. The increased pressure on the blood in the arteries 
aring expiration is also propagated through the capillaries to 
one of the veins; for Magendie has shewn that the stream of 
nous blood from the lower end of a divided vein becomes 
ronger during each expiration. 

But on the whole, little advantage is derived to the circu- 
sion from the movements of expiration, since the same pres- 
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sure which drives on the arterial blood with increased force 
must, in some degree, retard the blood in the veins, and obstruct 
its passage to the heart. The effect of such retardation is shewn 
in the swelling-up of the veins of the head and neck, and the 
lividity of the face, during coughing, straining, and similar violent 
expiratory efforts. The effects shewn in these instances are due 
both to some regurgitation of blood in the great veins, and to 
the accumulation of blood in the veins of the head and face, 
which are constantly more and more filled by the influx from the 
arteries, and are not able to empty themselves into the vena cava 
superior. The regurgitation, however, is stopped, or much dimi- 
nished, by the valves at the junction of the jugular and subela- 
vian veins, by which also the disadvantageous effects of the forced 
expirations are limited. 

The act of inspiration is favourable to the venous cireu- 
lation, and its effect is not quite counterbalanced by its tend- 
ing to draw the arterial, as well as the venous, blood towards 
the cavity of the chest. When the chest is enlarged in in- 
spiration, the additional space within it is filled, chiefly by the 
fresh quantity of air which passes through the trachea and bron- 
chial passages to the vesicular structure of the lungs. But the 
blood being, like the air, subject to the atmospheric pressure, some 
of it, also, is at the same time pressed towards the expanding 
cavity of the chest, and therein towards the heart. The effect 
of this in the arterial current is hindered by the aortic valves, 
while they are closed ; and is less than it is on the venous cur- 
rent in the same proportion as the orifice of the aorta is less than 
the united orifices of the two vene cave. 

Sir David Barry, was the first who shewed plainly this effect 
of inspiration on the venous circulation, and mentions the follow- 
ing experiment in proof of it. He introduced one end of a bent 
glass tube into the jugular vein of an animal, the vein being tied 
above the point where the tube was inserted; the inferior end of 
the tube was immersed in some coloured fluid. He then ob- 
served that at the time of each inspiration the fluid ascended in 
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the tube, while during expiration it either remained stationary, 
or even sank. Poiseuille confirmed the truth of this observation, 
in a more accurate manner, by means of his hemadynamometer. 
And a like confirmation has been more recently furnished by 
Valentin (iv. p. 478), and in minute details by Ludwig (Lxxx. 
1847, p. 242). 

The effect of inspiration on the veins is observable only in the 

large ones near the thorax. Poiseuille could not detect it by 
means of his instrument in veins more distant from the heart,— 
for example, in the veins of the extremities. And its beneficial 
veffect would be neutralized were it not for the valves; for he 
found, when he repeated Sir D. Barry’s experiment, and passed 
‘the tube so far along the veins that it went beyond the valves 
“nearest to the heart, as much fluid was forced back into the 
‘tube in every expiration as was drawn in through it in every 
inspiration. 

On the whole, therefore, the respiratory movements of the 
‘chest are advantageous to the systemic circulation; on the pul- 
‘monary circulation they appear to produce no effect. The addi- 
‘tional force which expiration gives to the arterial current is not 
;counterbalanced by the retardation of the venous current, because 
ithe valves of the veins closing limit the regurgitation from the 
ichest ; and though the blood behind or above these valves is 
wetarded while they are close, yet it goes on with accumulated 
force as soon as they are open again. On the other hand, the 
retardation of the arterial blood by the acts of inspiration is less 
tthan the acceleration of the venous blood, because the orifice of 
the aorta is less than that of the venee cave. 

The disturbance which hurried respiration and struggling pro- 
duce in the movement of the venous blood make it exceedingly 
difficult to determine the average force or velocity of the venous 
stream. The velocity of the blood is greater in the veins than 
in the capillaries, but less than in the arteries; and to this are 
adapted the relative capacities of the arterial and venous sys- 
tems; for since the veins must return to the heart all the blood 
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that they receive from it, in a given time, through the arteries, 
their larger size and proportionally greater number must com- 
pensate for the slower movement of the blood through them. If 
an accurate estimate of the proportionate areas of arteries and 
the veins corresponding to them could be made, we might, from 
the velocity of the arterial current calculate that of the venous. 
Perhaps a fair approximation to such an estimate is that the 
capacity of the veins is about three times as great as that of the 
arterial system; and that the velocity of the blood’s motion is 
about one-third less in the former than in the latter. And this 
is not a slow movement ; for, if we stop the circulation at the 
beginning of any superficial vein, and empty the upper part of 
the vein, immediately upon removing the finger the blood will 
move along the vein faster than the eye can follow it. The rate 
at which the blood moves in the veins gradually increases the 
nearer it approaches the heart, for, the sectional area of the 
venous trunks, compared with that of the branches opening into 
them, becomes gradually less as the trunks advance towards the 
heart. 


Having now considered the share which each of the circula- 
tory organs has in the propulsion and direction of the blood, we 
may speak of their combined effects, especially in regard to the 
velocity with which the movement of the blood through the 
whole round of the circulation is accomplished. As Miller 
says, the rate of the blood’s motion in the vessels must not be 
judged of by the rapidity with which it flows from a vessel 
when divided. In the latter case, the rate of motion is the re- 
sult of the entire pressure to which the whole mass of blood is 
subjected in the vascular system, and which at the point of the 
incision in the vessel meets with no resistance. In the closed 
vessels, on the contrary, no portion of blood can be moved for- 
wards but by impelling on the whole mass, and by overcoming 
the resistance arising from friction in the smaller vessels. 

From the rate at which the blood escapes from opened vessels 


CIRCULATION. 137 


‘we could only judge, in general, that its velocity is, as already 
said, greater in arteries than in veins, and in both than in the 
capillaries. More satisfactory data for the estimates are af- 
forded by the results of experiments to ascertain the rapidity 
‘with which poisons introduced into the blood are transmitted 
from one part of the vascular system to another. From eigh- 
‘teen such experiments on horses, Hering deduced that the time 
‘required for the passage of a solution of ferrocyanide of potas- 
‘sium, mixed with the blood, from one jugular vein (through 
‘the right side of the heart, the pulmonary circulation, the left 
jcayities of the heart, and the general circulation) to the jugular 
vein of the opposite side, varies from twenty to thirty seconds. 
‘The same substance was transmitted from the jugular vein to 
‘the great saphena in twenty seconds; from the jugular vein to 
the masseteric artery in between fifteen and thirty seconds, to 
the facial artery in one experiment in between ten and fifteen 
seconds, in another experiment in between twenty and twenty- 
‘five seconds: in its transit from the jugular vein to the meta- 
itarsal artery it occupied between twenty and thirty seconds, 
‘and in one instance more than forty seconds. The result was 
nearly the same whatever was the rate of the heart’s action. 
Poiseuille’s observations (xxxi. 1843) accord completely with 
the above; and shew, moreover, that when the ferrocyanide is 
injected into the blood with other substances, such as acetate of 
‘ammonia, or nitrate of potash (solutions of which, as other ex- 
periments have shewn, pass quickly through capillary tubes), 
‘the passage from one jugular vein to the other is effected in from 
eighteen to twenty-four seconds ; while, if instead of these, alco- 
hol is added, the passage is not completed until from forty to 
forty-five seconds after injection. Still greater rapidity of transit 
thas been observed by Mr. J. Blake (xciv. Oct. 1841), who found 
that nitrate of baryta injected into the jugular vein of a horse 
could be detected in blood drawn from the carotid artery of the 
opposite side in from fifteen to twenty seconds after the injec- 
ition. In sixteen seconds a solution of nitrate of potash, injected 
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into the jugular vein of a horse, caused complete arrest of the 
heart’s action, by entering and diffusing itself through the 
coronary arteries. Ina dog, the poisonous effects of strychnia 
on the nervous system were manifested in twelve seconds after 
injection into the jugular vein; in a fowl, in six and a-half 
seconds, and in a rabbit in four and a-half seconds. 

In all these experiments, it is assumed that the substance 
injected moves with the blood, and at the same rate as it, and 
does not move from one part of the organs of circulation to 
another by diffusing itself through the blood or tissues more 
quickly than the blood moves. The assumption is so probable 
that it may be considered nearly certain that the times above- 
mentioned, as occupied in the passage of the injected substances, 
are those in which the portion of blood into which each was in- 
jected was carried from one part to another of the vascular system. — 
It would, therefore, appear that a portion of blood can traverse 
the entire course of the circulation, in the horse, in half a mi- 
nute; of course it would require longer to traverse the vessels 
of the most distant part of the extremities than to go through 
those of the neck ; but taking an average length of vessels to be 
traversed, and assuming, as we may, that the movement of 
blood in the human subject is not slower than in the horse, it 
may be concluded that one minute, which is the estimate 
usually adopted of the average time in which the blood com- 
pletes its entire circuit in man, is rather above than below the 
actual rate. 

Another mode of estimating the general velocity of the cit 
culating blood is by calculating it from the quantity of blood 
supposed to be contained in the body, and from the quantity 
which can pass through the heart in each of its actions. But 
the conclusions arrived at by this method are less satisfactory. 
For the estimates both of the total quantity of blood, and of the 
capacity of the cavities of the heart, are as yet only approxi- 
mated to the truth. Still, the most recent and careful of the}] 
estimates thus made accord with those already mentioned: for 
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Valentin has, from these data, calculated that the blood may all 
oass through the heart in from 433 to 623 seconds. 

The estimate from the speed at which the blood may be seen 
moving in transparent parts is not opposed to this. For, as 
already stated (p. 126), though the movement through the capil- 
caries may be very slow, yet the length of capillary vessel through 
which any portion of blood has to pass is very small. If we 
estimate that length at the tenth of an inch, and suppose the 
velocity of the blood therein to be only one inch per minute, 
chen each portion of blood may traverse its own distance of 
che capillary system in about six seconds. There would, thus, 
oe plenty of time left for the blood to travel through its circuit in 
he larger vessels, in which the greatest length of tube that it can 
nave to traverse in the human subject does not exceed ten feet. 

All the estimates here given are averages ; but of course the 
time in which a given portion of blood passes from one side of 
the heart to the other, varies much according to the organ it has 
:o traverse. The blood which circulates from the left ventricle, 
through the coronary vessels, to the right side of the heart, re- 
quires a far shorter time for the completion of its course than 
che blood which flows from the left side of the heart to the feet, 
and back again to the right side of the heart ; for the circulation 
‘rom the left to the right cavities of the heart may be represented 
1s forming a number of arches, varying in size, and requiring pro- 
vortionately various times for the blood to traverse them; the 
smallest of these arches being formed by the circulation through 
che coronary vessels of the heart itself. The course of the blood 
‘rom the right side of the heart, through the lungs, to the left, 
1s shorter than most of the arches described by the systemic cir- 
culation, and in it the blood flows, ceteris paribus, much 
quicker than in most of the vessels which belong to the aortic 
cireulation. For although the quantity of blood contained, at 
any instant, in the greater circulation of the body is far greater 
than the quantity within the lesser circulation, yet, in any given 
space of time, as much blood must pass through the lungs as 
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passes in the same time through the systemic circulation. I 
the systemic vessels contain five times as much blood as the 
pulmonary, the blood in them must move five times as slow as 
in these; else, the right side of the heart would be either 
overfilled or not filled enough. 


Peculiarities of the Circulation in different Parts. 


The most remarkable peculiarities attending the circulation of 
blood through different organs are observed in the cases of the 
lungs, the liver, the brain, and the erectile organs. The pul- 
monary and portal circulations have been already alluded t 
(p. 77), and will be again noticed, when considering the fune- 
tions of the lungs and liver. 

The chief circumstances requiring notice in relation to the 
cerebral circulation, are observed in the arrangement and distri 
bution of the vessels of the brain, and in the conditions attendin 
the amount of blood usually contained within the cranium. 

The functions of the brain seem to require that it should re. 
ceive a large supply of blood. This is accomplished through the 
number and size of its arteries, the two internal carotids, and thd 
two vertebrals. But it appears to be further necessary that thd 
force with which this blood is sent to the brain should be les 
or, at least, subject to less variation from external circumstance 
than it is in other parts. This object is effected by several pro 
visions; such as the tortuosity of the large arteries, and thei 
wide anastomoses in the formation of the circle of Willis, whic 
will insure that the supply of blood to the brain may be uniform 
though it may by an accident be diminished, or in some way 
changed, through one or more of the principal arteries. Th 
transit of the large arteries through bone, especially the ea 
rotid canal of the temporal bone, may prevent any undue di 
tension; and uniformity of supply is, further, insured by th 
arrangement of the vessels in the pia mater, in which, pre 
vious to their distribution to the substance of the brain, the larg}} 
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urteries branch and divide into innumerable minute ramuscules 
nd capillaries, which, after frequent communications with one 
nother, enter the brain, and carry into nearly every part of it 
aniform and equable streams of blood. 

The arrangement of the veins within the cranium is also 
veculiar. The large venous trunks or sinuses are formed so as 
o be scarcely capable of change of size; and composed as they 
ive of the tough tissue of the dura mater, and, in some instances, 
oounded on one side by the bony cranium, they are not com- 
oressible by any force which the fulness of the arteries might 
exercise through the substance of the brain; nor do they admit 
of distension when the flow of venous blood from the brain is 
obstructed. 

The general uniformity in the supply of blood to the brain, 
which is thus secured, is well adapted, not only to its functions, 
yut also to its condition as a mass of nearly incompressible 
substance placed in a cavity with unyielding walls. These 
conditions of the brain and skull have appeared, indeed, to some, 
enough to justify the opinion that the quantity of blood in the 
brain must be at all times the same; and that the quantity 
of blood received within any given time through the arteries 
must be always, and at the same time, exactly equal to that 
removed by the veins. In accordance with this supposition the 
symptoms commonly referred to either excess or deficiency of 
blood in the brain, were ascribed to a disturbance in the balance 
between the quantity of arterial and that of venous blood. 
Some experiments performed by Dr. Kellie appeared to estab- 
-ish the correctness of this view. He believed that in animals 
bled to death, while all the other organs of the body were nearly 
emptied of blood, the vessels of the brain contained almost their 
ordinary quantity ; but that if, previous to bleeding an animal, he 
made a hole in its cranium, and thus exposed the brain, equally 
with the other organs, to the influence of atmospheric pressure, its 
vessels, like those of other parts of the body, were emptied as the 
animal bled to death. But Dr. Burrows (Lxxi, May, 1843, and 


142 CIRCULATION. 


xcy.), having repeated these experiments, and performed addi- 
tional ones, has obtained different results. He found that in ani- 
mals bled to death, without any aperture being made in the era: 
nium, the brain became pale and aneemic like other parts. And, 
in proof that, during life, the cerebral circulation is influenced by 
the same general circumstances that influence the circulation 
elsewhere, he found congestion of the cerebral vessels in rabbits 
killed by strangling or drowning; while in others, killed by 
prussic acid, he observed that the quantity of blood in the cavity 
of the cranium was determined by the position in which the 
animal was placed after death, the cerebral vessels being con- 
gested when the animal was suspended with its head down- 
wards, and comparatively empty when the animal was kept 
suspended by the ears. He concluded, therefore, that although 
the total volume of the contents of the cranium is probably 
nearly always the same, yet the quantity of blood in it is liable 
to variation, its increase or diminution being accompanied by a 
simultaneous diminution or increase in the quantity of the cere- 
bro-spinal fluid, which, by readily admitting of being removed 
from one part of the brain and spinal cord to another, and of 
being rapidly absorbed, and as readily effused, would serve} 
as a kind of supplemental fluid to the other contents of the 
cranium, to keep it uniformly filled in case of variations in 
their quantity (see also Ecker exxix). But such variations occur 
only in anormal conditions ; in ordinary states, and in health, 
it is probable that the arrangements of the vessels, to which we 
have referred, ensure to the brain a supply of blood which is 
both uniform and guarded from the accidental disturbances to 
which the supply for all other organs is liable even in cireum- 
stances consistent with health. 

Erectile structures——The instances of greatest variation in 
the quantity of blood contained, at different times, in the same 
organs are found in certain structures which, under ordinary 
circumstances, are soft and flaccid, but, at certain times, receive 
an unusually large quantity of blood, become distended and)| 
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wollen by it, and pass into the state which has been termed 
rection. Such structures are the corpora cavernosa and corpus 
songiosum of the penis in the male and the clitoris in the fe- 
nale ; and, in a less degree, the nipple of the mammary gland 
1 both sexes. The corpus cavernosum penis, which is the best 
xample of an erectile structure, has an external fibrous mem- 
vane or sheath, from the inner surface of which numerous 
ne lamelle pass into the interior of the body, dividing its 
avity into small compartments which look like cells when 
hey are inflated. Within these is situated the plexus of 
eins upon which the peculiar erectile property of the organ 
nainly depends. It consists of short veins which very closely 
aterlace and anastomose with each other in all directions, and 
dmit of great variation of size, collapsing in the passive state 
f the organ, but, for erection, capable of an amount of dilata- 
on which exceeds beyond comparison that of the arteries and 
eins which convey the blood to and from them. The strong 
‘brous tissue lying in the intervals of the venous plexuses, and 
ie external fibrous membrane or sheath with which it is con- 
ected, limit the distension of the vessels, and, during the state 
ferection, give to the penis its condition of tension and firm- 
ess. The same general condition of vessels exists in the cor- 
us spongiosum urethra, but around the urethra the fibrous 
sssue is much weaker than around the body of the penis, and 
ound the glans there is none. The venous blood is returned 
‘om the plexuses by comparatively small veins ; those from the 
‘ans and the fore part of the urethra empty themselves into the 
orsal vein of the penis; those from the corpus cavernosum pass 
ato deeper veins which issue from the corpora cavernosa at the 
cura penis ; and those from the rest of the urethra and bulb pass 
nore directly into the plexus of the veins about the prostate. 
or all these veins one condition is the same; namely, that 
1ey are liable to the pressure of muscles when they leave the 
enis. The vena dorsalis penis may be compressed by the 
niting tendons of the ischio-cavernosi ; the erura penis, and the 
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veins issuing from them, are under the same muscles ; and the 
veins of the bulb are subject to the compression of the bulbo-— 
cavernosi (See Krause, txxx. 1837; Kobelt, exxvil. and xxv, 
1843-4, p. 58). . 
Miiller described a peculiar arrangement of the arteries of the | 
corpora cavernosa ; one set of them he described as the ultimate 
ramuscles, which terminate in the minute radicles of the veins, — 
and are destined for the nutrition of the part: the others as 
coming off from the side of the arteries, and consisting of short 
tendril-like branches, terminating abruptly by a rounded, appa- 
rently closed extremity, turned back somewhat on itself. He 
Fig. 9. named these arterie helicince, and thought 
they projected into the venous cells, as 
represented in the annexed figure. His 
account has been confirmed by Erdl (1xxx. 
1841), but is denied by Valentin (txxx. 
1838) and Berres (cxxvili. 60, xxxi), who 
think that what Miller called helicine arte- 
ries were er arteries running in the septa and bands of fibrous 
tissue which intersect the corpus cavernosum, and which, when 
cut or torn across, assume a contorted somewhat spiral figure. 
Erection results from the distension of the venous plexuses 
with blood. The principal exciting cause, in the erection of 
the penis, is nervous invitation, originating in the part itself or 
derived from the brain and spinal cord. The nervous influence 
is communicated to the penis by the pudic nerves which ramify 
in its vascular tissue: and Guenther (xcvi. 1828, p. 364), has 
observed that, after their division in the horse, the penis 1s no 
longer capable of erection. It affords a good example of the |} 
subjection of the circulation in an individual organ to the in- 
fluence of the nerves; but the mode in which they excite aj] 
greater influx of blood is not known. 
The accurate dissections and experiments of Kobelt (cxxvii.); 
extending and confirming those of Le Gros Clark (Lxxi. vol!) 
xviii. p. 437) and Krause (Lxxx. 1837), have shewn that this 
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influx of the blood is the first condition necessary for erection, 
and that through it alone, much enlargement and turgescence of 
the penis may ensue. But the erection is not complete, nor main- 
tained for any time except when, together with this influx, the 
muscles already mentioned contract, and by compressing the veins, 
stop the efflux of blood, or prevent it from being as great as the 
influx. 

It appears, however, to be only the most perfect kind of 
erection that needs the help of muscles to compress the veins ; 
for none such can assist the erection of the nipples, or that 
amount of turgescence just falling short of erection of which the 
spleen and many other parts are capable. For such turgescence 
nothing more seems necessary than a large plexiform arrange- 
-ment of the veins and such arteries as may admit, upon local 
occasions, augmented quantities of blood. 


CHAPTER VI. 
RESPIRATION. 


As the blood circulates through the various parts of the body, 
and fulfils its office by nourishing the several tissues and supply- 
ing to secreting organs the materials necessary for their different 
secretions, it is deprived of part of its nutritive constituents, and 
becomes charged with impurities resulting from the deterioration 
of the tissues. It is, therefore, necessary that fresh supplies of 
-nutriment should be continually added to the blood, and that 

provision should be made for the removal of the impurities. 
The first of these objects is accomplished by the processes of 
digestion and absorption. The second is principally effected by 
the agency of the various excretory organs through which are 
‘removed the several impurities with which the blood is charged, 


H 


" 


whether these impurities are derived altogether from the de- 
generation of tissues, or in part, also, from the elements of 
unassimilated food. One of the most important and abundant 
of the impurities is carbonic acid, the removal of which, and — 
the introduction of fresh quantities of oxygen constitute the 
chief purpose of respiration—a process which, because of its in- 
timate relation to the circulation, may be considered here rather 
than with the other excretory functions. 
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Structure of the Lungs.* 


The respiratory process in man, and all Mammalia, is chiefly 
carried on in the minute cavities within the lungs, called 
air-cells or pulmonary vesicles. Each lobule, or small subdivi- 
sion of the lung, consists of a collection of such air-cells, cluster- 
ed upon and opening into minute branches of the bronchial tubes, 
and having their walls overlaid with capillaries derived from 
the terminal branches of the pulmonary artery. 

The bronchial tube belonging to each lung passes into its 
substance, dividing and subdividing, but without anastomosis, 
and sending branches to every part of the organ. All the 
larger branches have walls formed of tough membrane with 
organic-muscular circular fibres, giving them some power of 
spontaneous contraction, portions of cartilaginous rings by which 
they are held open, and longitudinal bundles of elastic tissue for 
greater power of recoil after extension: they are lined with mu- 
cous membrane, the surface of which is covered with vibratile 
ciliary epithelium. But when the bronchi, by successive braneh- 
ings, are reduced to about ;}; of an inch in diameter, they lose 
these structures, and their walls are formed of only a tough, 
elastic membrane, with traces of fibrous, perhaps muscular, t 


* The best recent essays on the Structure of the Lungs are those by 
Rainey (xli. vol. xxviii.) ; Addison (xliii, 1842); Bourgery (xix. 1842), 
and Moleschott (cxxi). 

+ Moleschott (exxi). 
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structure, over which the capillaries are spread in a very dense 
network, and on various parts of which air-cells irregularly open. 
Tubes of this kind are named by Mr. Rainey intercellular pas- 
sages. The air-cells cpening into them may be placed singly on 
their walls, like recesses from them ; but more often are arranged 
in rows like minuter sacculated tubes; so that a succession or 
series of cells, all opening into one another, open by a common 
orifice into the tube. The cells are of various forms, according 
to the mutual pressure to which they are subject ; their walls 
are nearly in contact, and they vary from 15 to pi, of an inch 
in diameter (Moleschott, cxxi). Their walls are formed of fine 
membrane similar to that of the intercellular passages, and con- 
tinuous with it, which is folded on itself so as to form a sharp- 
edged border at each circular orifice of communication between 
contiguous air-cells, or between the cells and the bronchial pas- 
sages. The cells have no epithelial lining ; but on the exterior 
of the membrane of which they are constructed a net work 
of pulmonary capillaries is spread out so densely that the inter- 
‘Spaces or meshes are even narrower than the vessels, which are, 
on an average, sjy5 Of an inch in diameter. Between the atmo- 
‘spheric air in the cells and the blood in these vessels nothing 
intervenes but the thin membranes of the cells and capillaries ; 
and the exposure of the blood to the air is the more complete 
‘because the folds of membrane between contiguous cells 
often, the spaces between the walls of the same, cont 
a single layer of capillaries, both sides of which 
once exposed to the air. 

The cells situated nearest to the centre of tl 
smaller, and their networks of capill 


» and, 
ain only 
are thus at 


1e lung are 
aries are closer, than those 
nearer to the circumference, in adaptation to the more ready 
supply of fresh air to the central than the peripheral portion of 
the lungs. The cells of adjacent lobules do not communicate : 
and those of the same lobule, or proceeding from the g 
tercellular passage, do so as a gener 
bifurcation; so that, when 


ame in- 
al rule only near angles of 
any bronchial tube is closed or 
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obstructed, the supply of air is lost for all the cells opening into 
it or its branches. 


Movements of Respiration. 


The rnovements for taking into the lungs fresh air, and for 
expelling from them the air that has been changed by the respi- 
ratory process, are those of inspiration and expiration, The 
former is performed by the contraction of muscles bounding or 
attached to the exterior of the chest; the latter, chiefly and 
usually, by the elastic contraction or recoil of the lungs and ti 
walls of the chest, after they have been dilated in the 
of inspiration. 

The chest is a cavity closed on every side from the entrance 
of air; its immediate boundary is formed by its lining mem- 
brane, the pleura; its walls, external to the pleura, are partly 
osseous aud unyielding though moveable, partly muscular, 
partly elastic. It is filled by the lungs and heart and their 
larger vessels, and these fill it equally in all its alterations of 
size ; when it enlarges, they receive more air and blood; when 
it contracts, air and blood pass out of them ; and the lungs and 
part of the heart are always in contact with every part of its 
internal surface. The changes produced by the respiratory 
movements on the circulation of blood have been noticed al 
ready (p. 133); the much greater changes of the air will now 
be alone considered. ‘ 

Air, as already said, fills all the air-tubes and cells of 
lungs, and through their medium the pressure of the atmosphere 


interior of the cavity of the chest, and balances the pressure of 
the atmosphere on the exterior of the chest. The force, there- 
fore, which is required for the expansion of the chest in inspira-_ 
tion is not more than is necessary for moving the weight of i . 


walls and those of the abdomen, and overcoming their elasticity, 
and that of the lungs. The expressions which imply the ne- 
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essity of forming a vacuum in the chest to draw in air, are in- 
ecurate or exaggerated ; the pressure of the atmosphere on both 
he inside and outside of the chest being equal, its walls are free 
o move so long as the glottis is open. When they are raised, 
0 as to expand the chest, the pressure on the exterior of the 
ungs is made somewhat less than that of the atmospheric air on 
heir interior: the excess of pressure, therefore, impels more air 
nto them through the trachea. When, on the other hand, the 
walls of the chest contract, or allow the elastic tissue of the 
ungs and pulmonary pleura to contract, the pressure is greater 
n the exterior than on the interior of the lungs, and air is forced 
ut of them through the trachea. 

In its enlargement in inspiration the capacity of the chest 
s commonly increased in all directions; and chiefly in its 
vertical diameter and at its posterior part so as to ensure 
he expansion of the great masses of lung which lie in the 
1ollows at the back of the chest, by the sides of the spine. 
3ut its mode of increase presents some peculiarities in different 
versons and circumstances. In young children the inspiration 
3 effected almost entirely by the diaphragm, which being 
ighly arched in expiration, becomes flatter as it contracts, and 
vescending presses on the abdominal viscera, and pushes forward 
joe front walls of the abdomen. The movement of the abdo- 
ainal walls being here more manifest than that of any other 
art, it is usual to call this the abdominal mode or type of respi- 
ition. In adult men, together with the descent of the dia- 
hragm, and the pushing forward of the front wall of the abdo- 
aen, the lower part of the chest and the sternum are subject to 
| wide movement in inspiration. In women, the movement 
ppears less extensive in the lower, and more so in the upper, 
art of the chest ; a mode of breathing to which a greater mobi- 
ty of the first rib is adapted, and which may have for its object 
1¢ provision of sufficient space for respiration when the lower 
art of the chest is encroached upon by the pregnant uterus. 
{M. Beau and Maissiat (exxii. 1842-3), call the 


former the 
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inferior costal, and the latter the superior costal, type of respira 
tion; but the annexed diagrams from Mr. Hutchinson’s papel 
(Xi. vol. xxix.) will explain the difference better than the names 
which imply a greater diversity than naturally exists in the modes 
of inspiration. 


Fig. Vet 


* Fig. 10. The changes of the thoracic and abdominal walls of the male dur 
ing respiration, The back is supposed to be fixed in order to throw forwal 
the respiratory movement as much as possible. The outer black continuous 
in front represents the ordinary breathing movement: the anterior margi 
being the boundary of inspiration, the posterior margin the limit of expi 
The line is thicker over the abdomen, since the ordinary respiratory mov 
is chiefly abdominal: thin over the chest, for there is less movement ove 
that region. The dotted line indicates the movement on deep inspiration, 
during which the sternum advances while the abdomen recedes. ‘ 

+ Fig. 11. The respiratory movements in the female, The lines ind cate 
the same changes as in the last figure. The thickness of the continuous line 
over the sternum shews the larger extent of the ordinary breathing movemem® 
over that region in the female than in the male. 
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From the enlargement produced in inspiration, the chest and 
angs return, with expiration, by their elasticity.* The costal 
artilages are the chief seats of elastic power in the walls of the 
hest, and add tothe force of an ordinary expiration, ¢.¢. of such 
m one as is made in tranquil breathing. But the walls of the 
shest hinder deeper expirations, such as are made in straining, 
soughing, and the like; for these, muscular efforts are required, 
ind when the chest is contracted or compressed by those efforts 
t recovers its average capacity by its elasticity. Independently 
of its elasticity, the walls of the chest follow, in expiration, the 
elastic recoil or contraction of the lungs, which have elastic 
tissue in the bronchial tubes and air-cells and in their invest- 
ing pleura, and are always kept on the stretch, ready to con- 
tract as soon as the muscular effort for expanding the chest 
ceases, contracting with the more force the more they have been 
expanded, and never in health contracting so much as they 
might, or as they do when the chest is opened and atmospheric 
pressure is directly admitted to their external surface. 


The quantity of air that is changed in the lungs in each ac 
of ordinary tranquil breathing is variable, and is very difficult to 
estimate, because it is hardly possible to breathe naturally 
while, as in an experiment, one is attending to the process. 
‘The best estimate, perhaps, is that by Mr. Coathupe (xciii. 
1839), who states the quantity at from twenty to twenty-five 
cubic inches; and this is probably as near as possible to the 


* We omit the consideration of the particular muscles engaged in inspira- 
‘tion ; chiefly for the hope that some of the questions now existing may be 
isettled by the papers which will shortly appear by Mr. Hutchinson and Mr. 
| Sibson, the principal, though not unanimous, authorities on the subject. One 

will be published in the Cyclopadia of Anatomy (art. Thoraw): the other 
in the Medico-Chirurgical Transactions ; and as well as to these the student 
may refer to Mr. Hutchinson’s paper in the twenty-ninth volume of the 
| Medico-Chirurgical Transactions ; Mr. Sibson’s papers in the Philosophical 
| Transactions for 1646, and the forty-first Volume of the Medical Gazette ; 
and the papers of MM. Beau and Maissiat (cxxii, 1842 and 1843). 
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truth in the case of healthy young and middle-aged men ; but 
Bourgery (cxxii. 1843) is most likely right in saying that old 
people, even in health, habitually breathe more deeply, and 
change in each respiration a larger quantity of air than younger 
persons do. 

This quantity, being that habitually and almost uniformly 
changed in breathing, is called by Mr. Hutchinson (xti. vol. 
xxix.) breathing air. The quantity over and above this whicha 
man can draw into the lungs in the deepest inspiration he names 
complemental air: its amount is various, as will be presently 
shewn. After ordinary expiration, such as that which expels 
the breathing air, a certain quantity of air remains in the 
lungs, which may be expelled by a more forcible and deeper 
expiration: this he terms reserve air. But, even after the 
most violent expiratory effort, the lungs are not completely 
emptied ; a certain quantity always remains in them, over which 
there is no voluntary control, and which may be called residual 
air. Its amount depends in great measure on the absolute 
size of the chest, and has been variously estimated at from forty 
to two hundred and sixty cubic inches. 

The greatest respiratory capacity of the chest is indicated 
by the quantity of air which a person can expel from his lungs 
by a forcible expiration after the deepest inspiration that he 
can make. Mr. Hutchinson names this the vital capacity: 
it expresses the power which a person has of breathing in the 
emergencies of active exereise, violence, and disease ; and in 
healthy men it varies according to stature. weight, and age. 

It is found by Mr. Hutchinson, from whom nearly all our in- 
formation on this subject is derived, that at a temperature of 
60° F. 225 eubic inches is the average vital capacity of a healthy 
person, five feet seven inches in height. For every inch of height 
above this standard the capacity is increased, on an average, by 
eight cubic inches; and for every inch below, it is diminished by 
the same amount. This relation of capacity to height is quite 
independent of the absolute capacity of the cavity of the chest ; 
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for the cubic contents of the chest do not always, or even gene- 
rally, increase with the stature of the body ; and a_person of 
small absolute capacity of chest may have a large capacity of re- 
spiration, and vice versd. The capacity of respiration is determin- 
ed only by the mobility of the walls of the chest ; but, why this 
mobility should increase in a definite ratio with the height of the 
body is yet unexplained; and must be difficult of solution, see- 
ing that the height of the body is chiefly determined by that of 
the legs, and not by that of the trunk or the depth of the chest. 
But the vast number of observations made by Mr. Hutchinson 
leave no doubt of the fact, as stated above. 

The influence of weight on the capacity of respiration is less 

manifest and considerable than that of height ; and it is difficult 
to arrive at any definite conclusions on this point, because the 
natural average weight of a healthy man in relation to stature 
has not yet been determined. As a general statement, however, 
it may be said that the capacity of respiration is not affected by 
weights under 161 pounds, or 113 stones; but, that above this 
point, it is diminished at the rate of one cubic inch for every ad- 
ditional pound up to 196 pound, or 14 stones; so that, for ex- 
ample, while a man of five feet six inches, and weighing less 
than 114 stones, should be able to expire 217 cubic inches, one 
of the same height, weighing 123 stones, might expire only 203 
cubic inches. 

By age the capacity appears to be increased from about the 
fifteenth to the thirty-fifth year, at the rate of five cubic inches 
per year; from thirty-five to sixty-five it diminishes at the rate 
of about one and a half cubic inch per year; so that the capa- 
city of respiration of a man sixty years old would be about 


thirty cubic inches less than that of a man forty years old, of 
the same height and weight. ; 


Mr. Hutchinson’s observations were made almost exclusively 
on men ; and his conclusions are, perhaps, true of them 
for women, according to Bourgery, have onl 
breathing that men of the same age have. 


alone ; 
y half the capacity of 
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The number of respirations in a healthy adult person usually 
ranges from fourteen to eighteen per minute. According to Mr. 
Hutchinson the force with which the inspiratory muscles are 
capable of acting is greatest in individuals of the height of from 
five feet seven inches to five feet eight inches, and will elevate 
a column of three inches of mercury. Above this height, the 
force decreases as the stature increases; so that the average of 
men of six feet can elevate only about two and a half inches of 
mercury. The force manifested in the strongest expiratory ac 
is, on the average, one-third greater than that exercised in in- 
spiration. But this difference is in great measure due to the 
power exerted by the elastic reaction of the walls of the chest; 
and it is also much influenced by the disproportionate strength 
which the expiratory muscles attain, through being called inte 
use for other purposes than that of simple expiration. The for 
of the inspiratory act is, therefore, better adapted than that of 
the expiratory for testing the muscular strength of the body. 

Much of the force exerted in inspiration is employed in over- 
coming the resistance offered by the elasticity of the walls of the 
chest and of the lungs. Mr, Hutchinson estimated the amount 
of this elastic resistance by observing the elevation of a column 
of mercury raised by the return of air forced, after death, into 
the lungs, in quantity equal to the known capacity of respira- 
tion during life; and he caleulated that in a man capable of 
breathing two hundred cubic inches of air, the muscular power 
expended upon the elasticity of the walls of the chest, in making” 
the deepest inspiration, would be equal to the raising of at least 
301 pounds avoirdupois. In tranquil respiration, supposing the 
. amount of breathing air to be twenty cubic inches, the resist- — 
ance of the walls of the chest would be equal to lifting more 
than one hundred pounds. The elastic force exerted in ordinary 
expiration must therefore be much greater than enough to lift” 
this weight; because in it the elastic foree of the lungs is also m 
action,—a force which is not included in these estimates, because 
the lungs were in both cases burst by the air forced into them. 


RESPIRATION. 155 


It is probable that in the ordinary quiet respiration, which 
is performed without consciousness or effort of the will, the only 
forces engaged are those of the inspiratory muscles, and the 
elasticity of the walls of the chest and the lungs. And it is not 
known under what circumstances the contractile power which 
the bronchial tubes, and perhaps the air-cells, possess, by means 

of their organic muscular fibres, is brought into action. It is 
possible that it may assist in expiration; but there is no evi- 
dence of its doing so: and it is more likely that its purpose is 
to regulate and adapt, in some measure, the quantity of air ad- 
mitted to the lungs, and to each part of them, according to the 
‘supply of blood. The muscular action in the lungs, morbidly 
‘excited, is probably the chief cause of the phenomena of spas- 
/modicasthma. It may be demonstrated by galvanizing the lungs 
shortly after taking them from the body: under such a stimulus 
they contract so as to lift up water placed in a tube introduced 
‘into the trachea (C. J. B. Williams cxxxi. p. 588); and Volk- 
mann (xy. art. Vervenphysiologie, p. 586), has shewn that they 
‘may be made to contract by stimulating their nerves, He tied 
a glass tube, drawn fine at one end, into the trachea of a behead- 
ed animal, and when the small end was turned to the flame of 
a candle, he galvanized the pneumogastrie trunk : each time he 
did so, the flame was blown, and once it was blown out. 

The changes of the air in the lungs effected by these respi- 
ratory movements are assisted by the various conditions of the 
air itself, According to the law observed in the diffusion of 
igases, the carbonic acid evolved in the air-cells will, inde- 
spendently of any respiratory movement, tend to leave the lungs, 
| by diffusing itself into the external air where it exists in less 
‘proportion ; and, according to the same law, the oxygen of the 
atmospheric air will tend of itself towards the air-cells in which 
its proportion is less than in the air in the bronchial tubes or 
jexternal to the body. But for this tendency of the oxygen and 
‘carbonic acid to mix uniformly, within and without the lungs, 
the reserve and residual air would, probably, be very injuri- 
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ously charged with carbonic acid; for the respiratory move- 
ments alone are not enough to empty the air-cells, and perhaps 
expel only the air which lies in the larger bronchial tubes. 
Probably also the change is assisted by the different temperature 
of the air within and without the lungs; and by the action of 
the cilize on the mucous membrane of the bronchial tubes, the 
continual vibrations of which may serve to prevent the ad- 
hesion of the air to the moist surface of the membrane. 


Movement of the Blood in the Respiratory Organs. 


To meet the air thus alternately moved into and out of the 


air-cells and minute bronchial tubes, the blood is propelled from 
the right ventricle through the pulmonary capillaries in steady 
streams, and slowly enough to permit every minute portion of 
it to be for a few seconds exposed to the air, with only the thin 
walls of the capillary vessels and air-cells intervening. The pul- 
monary circulation is of the simplest kind; for the pulmonary 
artery branches regularly; its successive branches run in 
straight lines, and do not anastomose ; the capillary plexus is 
uniformly spread over the air-cells and intercellular passages ; 
and the veins derived from it proceed in a course as simple and 
uniform as that of the arteries, their branches converging, but 
not anastomosing. The veins haye no valves, or only small 
imperfect ones prolonged from their angles of junction, and in- 
capable of closing the orifice of either of the veins between which 
they are placed. The pulmonary circulation also is unaffected 
by changes of atmospheric pressure, and is not exposed to the 
influence of the pressure of muscles: the foree by which it is 
accomplished, and the course of the blood, are alike simple. 

The blood carried through the pulmonary artery, being venous 
till it comes to the capillaries, is unfit for the nutrition of any 
parts of the lungs, except those in which it flows through the 
capillaries : to these it probably supplies nutritive materials a8 
soon as it is itself arterialized. For the nutrition of the rest of 
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the lungs, including the pleura, interlobular tissue, bronchial 
tubes and glands, and the walls of the larger blood-vessels, a 
special supply of arterial blood is furnished through one or two 
bronchial arteries, the branches of which ramify in all these 
parts. The blood of the bronchial artery when, having served 
for the nutrition of these parts, it has become venous, is carried, 
partly, into the branches of a bronchial vein, distributed in the 
parts about the root of the lung, and partly into the small 
branches of the pulmonary artery, or, more directly, into the 
pulmonary capillaries, whence, being with the rest of their 
blood arterialized, it is carried to the pulmonary veins and left 
side of the heart. 


Changes of the Air in Respiration. 
_ By their contact in the lungs the composition of both air and 
blood is changed. The alterations of the former being mani- 
fest, simpler than those of the latter, and in some degree illus- 
trative of them, may be considered first. 

The atmosphere we breathe has, in every situation in which 
it has been examined in its natural state, an uniform compo- 
sition. It appears to be a mixture of oxygen, nitrogen, carbo- 
nic acid, and watery vapour. Of every 100 volumes of pure 
atmospheric air, 79 volumes (on an average) consist of nitrogen, 
the remaining 21 of oxygen: but the proportions of these gases 
are subject to variations of 2 or 3 parts in 1000, in situations 
where the oxygen is much exposed to absorption, as over the 
sea when there is no wind (Lewy xviii. 1842). The proportion 
of carbonic acid is extremely small; 10,000 volumes of atmo- 
spheric air contain, according to M. de Saussure, only 4:15 of 
carbonic acid. In the open country he found the maximum 
proportion of this gas to be 5°74, the minimum 3°15, in 10,000 
< In the town of Geneva the air contained 0°31 more 
carbonic acid than in the country. : ssl 7 
| has lately found (xii. 1844), ree eke eee 2 oi 

analyses, which are 
confirmed by those of M, Lewy, that the quantity of carbonic 
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acid in the air of Paris (which may be taken as an example of 


a large town), is not above the average of the quantity contained 
in the air of the country. This average he finds to be 3:97 
volumes in 10,000: and his estimate may be considered gene- 
rally true, except for localities, such as mines, crowded rooms, 


voleanic districts, and others in which large quantities of car 


bonic acid are constantly exhaling. 
The quantity of watery vapour varies greatly, according to the 
temperature, and other circumstances, but some is never absent 


7 


: 


from the atmosphere. Besides these, its constant constituents, — 


the atmosphere usually contains minute fractional quantities of 
ammonia, and other accidental substances ; but, as far as is at 
present known, none of these have any particular relation to 
the respiratory process, and the consideration of them may 
therefore be omitted. 

The changes produced by respiration on the atmospheric air are, 
that, 1. It is warmed; 2. Its carbonic acid is increased; 3. Its 
oxygen is diminished; 4. Its watery vapour is increased. 


1. The expired air, heated by its contact with the interior of 
the lungs, is (at least in most climates) hotter than the inspired 
air. Its temperature varies between 97° and 993°, the lower 
temperature being observed when the air has remained but a short 
time in the lungs rather than when it was inhaled at a very low 
temperature; for whatever the temperature when inhaled may 
be, the air nearly acquires that of the blood before it is expelled 
from the chest. 

2. The carbonic acid in respired air is always increased ; 
but the quantity exhaled in a given time is subject to change 
from various circumstances. It may be stated, as a general 
average, deduced from the results of experiments of Valentin 
and Brunner (iv. vol. i. 547), that, under ordinary circum- 
stances, the quantity of this gas exhaled into the air breathed by 
a healthy adult man amounts to 1345°3 cubic inches, or about 
636 grains per hour. According to this estimate, which cor 


RESPIRATION. 159 


esponds very closely with the one furnished by Sir H. Davy, 
and does not widely differ from those obtained by Allen and 
Pepys, and by Lavoisier, the weight of carbon excreted from 
the lungs is about 173 grains per hour, or 8 ounces in the 
course of twenty-four hours. Andral and Gavarret (cix.), cal- 
culate the average quantity of carbon excreted from the lungs 
of a healthy adult man at nine ounces per day. Mr. Coathupe 
(xciii. 1839) makes it scarcely five ounces; while Liebig (xi. 
Srd edit. p. 13) estimates the total quantity excreted from the 
lungs and skin together at 13°9 ounces. Some of these discre- 
ypancies may be due to the variations to which the exhalation 
of carbonic acid is liable in different circumstances ; for, even in 
health, the quantity varies according to age, sex, diversities in 
the respiratory movements, external temperature, the degree of 
purity of the respired air, and other circumstances. Each of 
these circumstances deserves a brief notice, because they afford 
evidence concerning either the sources of the carbonic acid ex- 
shaled, or the mode in which it is separated from the blood. 

a. Influence of age and see.—According to Andral and Ga- 
varret (cix.) the quantity of carbonic acid exhaled into the air 
‘breathed by males regularly increases from eight to thirty years 
of age; from thirty to forty it is stationary or diminishes a 
little; from forty to fifty the diminution is greater; and from 
fifty to extreme age it goes on diminishing till it scarcely ex- 
ceeds the quantity exhaled at ten years old. In females (in 
whom the quantity exhaled is always less than in males of the 
‘same age) the samme regular increase in quantity goes on from 
the eighth year to the age of puberty, when the quantity 
‘abruptly ceases to increase, and remains stationary so long as 
‘they continue to menstruate. When, however, menstruation 
has ceased, either in advancing years, or in pregnancy, or morbid 
amenorrhea, the exhalation of carbonic acid again augments ; 
but when menstruation ceases naturally, it soon decreases 
vat the saine rate as it does in old men. 


 b Influence of Respiratory Aovements.—Aceording to Dr 


again 
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Vierordt (cx.) the more quickly the movements of respiration 
are performed the smaller is the proportionate quantity of car- 
bonic acid contained in each volume of the expired air. Thus 
he found, that, with six respirations per minute, the quantity of 
expired carbonic acid was 5°528 per cent.; with twelve respira- 
tions, 4°262 per cent.; with twenty-four, 3°355; with forty- 
eight, 2°984; and with ninety-six, 2-662. Although, however, 
the proportionate quantity of carbonic acid is thus diminished 
during frequent respiration, yet the absolute amount exhaled 
into the air within a given time is increased thereby, owing to 
the larger quantity of air which is breathed in the time. This is 
the case, whether the respiration be voluntarily accelerated or is 
naturally increased in frequency, as it is after feeding, active 
exercise, &c. By diminishing the frequency, and increasing the 
depth of respiration, the per-centage proportion of carbonic aeid 
in the expired air is diminished ; being in the deepest respira- 
tion as much as 1°97 per cent. less than in ordinary breathing. 
But for this proportionate diminution, also, there is a full com- 
pensation in the greater total volume of air which is thus 
breathed. Finally, the last half of a volume of expired air con- 
tains more carbonic acid than the half first expired; a circum- 
stance which is explained by the one portion of air coming from 
the remote parts of the lungs, where it has been in more imme- 
diate and prolonged contact with the blood than the other has, 
which comes chiefly from the larger bronchial tubes. 

c. Influence of external Temperature.— The observations 
made by Vierordt at various temperatures between 38° F. and 
75° F. shew that within this range every rise equal to 10° F. 
causes a diminution of about two cubic inches in the quantity 
of carbonic acid exhaled per minute. Letellier (xii. 1845), 
from experiments performed on animals at much higher and 
lower temperatures than the above, also finds that the higher 
the temperature of the respired air (as far as 104° F.), the 
less is the amount of carbonic acid exhaled into it, whilst the 
nearer it approaches zero the more does the carbonic acid increase. 


RESPIRATION. 161 


Che greatest quantity exhaled at the lower temperatures he 
ound to be about twice as much as the smallest exhaled at the 
iigher temperatures. 

d. Purity of the respired air.—The average quantity of car- 
onic acid given out by the lungs constitutes about 4°48 per cent 
f the expired air, but if the air which is breathed be previously 
mpregnated with carbonic acid (as is the case when the same 
ir is frequently respired), then the quantity of carbonic acid 
xhaled becomes much less. This is shewn by the results of 
wo experiments performed by Allen and Pepys (xtiii. 1808-9). 
n one, in which fresh air was taken in at each inspiration, 
hirty-two cubie inches of carbonic acid were exhaled in a 
ainute ; whilst in the other, in which the same air was respired 
epeatedly, the quantity of carbonic acid emitted in the same 
ime was only 9°5 cubie inches. They found also that how- 
ver often the same air may be respired, even if until it will no 
onger sustain life, it does not become charged with more than 
0 per cent of carbonic acid. The necessity of a constant sup- 
ly of fresh air, by means of ventilation, through rooms in 
shich many persons are breathing together, or in which, from 
ny other source, much carbonic acid is evolved, is thus ren- 
ered obvious; for even when the air is not completely irre- 
pirable, yet in the same proportion as it is already charged 
ith carbonic acid, does the further extrication of that gas from 
he lungs suffer hindrance. The exhalation of carbonic acid is 
ss Influenced by the proportion of oxygen in the respired air 
ian by that of the carbonic acid; for if means be taken to 
emove the latter from the air as fast as it is exhaled, an animal 
aay live in a limited quantity of air until nearly the whole of 
1e oxygen is consumed. 


| The period of day has a slight influence on the amount of 
arbonie acid exhaled in a given time ; the quantity being some- 
hat greater in the morning than it is in the evening, and 
veater at noon than at midnight. By the use of food also the 


uantity is increased whilst by fasting it is diminished 


5 
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Spirituous drinks, especially when taken on an empty stomach, 
produce an immediate and marked diminution in the quantity 
of this gas exhaled. Lodily ewercise, in moderation, increases 
the quantity to about one-third more than it is during rest: 
and for about an hour after exercise the volume of the air ex- 
pired in the minute is increased about 118 cubic inches; and 
the quantity of carbonic acid about 7-8 cubic inches per minute. 
During sleep, on the other hand, there is a considerable dimi- 
nution in the quantity of this gas evolved ; a result probably in 
great measure dependent on the tranquillity of the breathing: 
directly after waking, there is a great, though quickly transi- 
tory, increase in the amount exhaled. A larger quantity is ex- 
haled when the barometer is low than when it is high. 

3. The oaygen in respired air is always less than in the same 
air before respiration, and its diminution is generally proportion- 
ate to the increase of the carbonic acid. ‘The experiments of 
Valentin and Brunner (iy. Bd. i.) seem to shew that for every 
volume of carbonic acid exhaled into the air, 1°17421 volumes 
of oxygen are absorbed from it: and that when the average 
quantity of carbonic acid, @. e. 1345°3 cubic inches, or 635'88 
grains, is exhaled in the hour, the quantity of oxygen absorbed 
in the same time is 1583°6 cubic inches, or 541°5 grains. Accord- 
ing to this estimate, there is more oxygen absorbed than 18 } 
exhaled with carbon in the carbonic acid, for oxygen combines 
with carbon to form carbonic acid without change of volume; 
and to this general conclusion, namely, that the volume of air 
expired in a given time is less than that of the air inspired 
(allowance being made for the expansion in being heated,) and 
that the loss is due to a portion of oxygen absorbed and not 
returned in the exhaled carbonic acid, all observers agree, though 
as to the actual quantity of oxygen so absorbed they differ even 
widely. 

The quantity of oxygen that does not combine with the 
carbon given off in carbonic acid from the lungs, is probably 
disposed of in forming some of the carbonic acid and water give") 
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f from the skin, and in combining with sulphur and phos- 
|shorus to form part of the acids of the sulphates and phosphates 
-xcreted in the urine. 

Valentin and Brunner’s estimates of the interchange of the 
yxygen and carbonic acid in respiration, led them to believe 
hat the exchanged quantities of the two gases are always in 
| he proportion of their difusion- volumes ; a conclusion which, 
| f it were established, would justify us in explaining the process 
}of respiration as one due only to the properties of the gases, and 
| heir tendency to diffuse or mingle with one another in certain 
ixed proportions by volume. But the grounds are not yet 
‘trong enough for so weighty a conclusion ; and against it ap- 
sear the many instances of deviation from the law, which seem 
Joroved by good experiments.* If the exchange of gases were 


: ae ; 5 
jsccording to the law of diffusion, their proportions ought never 


Jaomy might change the quantity of one (as of the carbonic 
j.cid in the instances already quoted), the quantity of the other 
| hould be equally and at the same time changed. Whereas, in 
many experiments, and even in some of Valentin’s, the propor- 
jon of oxygen absorbed has been less or more than, according 
o the law of diffusion, it should have been. Especially, the 
‘xperiments of Dulong and Despretz seemed to shew that, in 
| arnivora, the oxygen absorbed always bears a larger proportion 
} 0 the carbonic acid evolved than it does in Herbivora ; and the 
}ecent careful experiments of Regnault and Reiset (xviii. 1848) 
| onfirm this, while they in no case shew such a proportion be- 
‘ween the gases exchanged as, according to the law of diffusion, 
| here should be. They shew that in the dog for every 100 parts 
| f carbonic acid formed in twenty-four hours, 134:3 parts of 
|xygen were, on the average, absorbed ; and in the rabbit and 
ien for every 100 parts of carbonic acid, 109°34 parts of oxygen ; 


* The objections to Valentin’s theory, and his 


Hy! answers to them, are all in 
is Annual Reports on Physiology in Canstatt’s J ony 


ahresberischte since 184 3. 
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while, according to the diffusion-law, the proportion should be 
always 117°42 parts of oxygen to 100 of carbonic acid. 

It may be added, that the conditions of the gases engaged in 
respiration are not those in which the law of diffusion would 
exactly hold. The law requires that both gases should he free 
and under equal pressure ; while, in the actual case, the gas in 
the blood is dissolved, under pressure, and separated by a mem- 
brane from that into which it is to diffuse. It is possible that 
these peculiarities of the conditions may account for the deviations 
from the law while it is really in operation; but many more 
facts than are yet ascertained will be necessary to prove this. 


The nitrogen of the atmosphere, in relation to the respiratory 
process, is supposed to serve only mechanically, by diluting the 
oxygen, and moderating its action upon the system. This pur 
pose, or the mode of expressing it, has been lately denied by 
Liebig (xi. 3rd edit. p. 184) on the ground that if we suppose 
the nitrogen removed, the amount of oxygen in a given space 
would not be altered. But although it be true that if all the 
nitrogen of the atmosphere were removed, and not replaced by 
any other gas, the oxygen might still extend over the whole 
space at present occupied by the mixture of which the atmo- 
sphere is composed; yet since, under ordinary circumstances, 
oxygen and nitrogen, when mixed together in the ratio of one 
volume to four, produce a mixture which occupies precisely five 
volumes, with all the properties of atmospheric air, it must Te 
sult that a given volume of atmosphere drawn into the lungs 
contains four-fifths less weight of oxygen than an equal volume 
composed entirely of oxygen. The greater rapidity and brillianey 
with which combustion goes on in an atmosphere of oxygen than 
in one of common air, and the inereased rapidity with which the 
ordinary effects of respiration are produced when oxygen instead 
of atmospheric air is breathed, seem to leave no doubt that the 
nitrogen with which the oxygen of the atmosphere is mixed has 
the effect of diluting this gas, in the same sense and degree as 
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ne part of alcohol is diluted when mixed with four parts of 
vater. 

It has been often discussed whether nitrogen be ever absorbed 
r exhaled from the atmosphere in respiration. That it may, 
1 some conditions, be either absorbed or exhaled is proved by 
xperiments of Allen and Pepys, who found that when guinea- 
igs were made to breathe in a mixture of oxygen and hydro- 
en, nitrogen was exhaled, and in a quantity exceeding the 
olume of the whole body cf the animal. The lower animals 
lso, especially insects, are said to exhale nitrogen (Treviranus, 
Xxii. p. 336), and fishes to absorb it from the water in which 
ney breathe, though they do not absorb hydrogen (Humboldt, 
XXii. p. 330). 

But we cannot, from these facts, safely conclude what is the 
ase in the ordinary conditions of life. In the earlier experiments, 
» seemed as if small quantities of nitrogen were sometimes ab- 
orbed, and sometimes exhaled, in respiration in atmospheric air. 
‘he later experiments of M. Boussingault (xviii. 1846) on 
irtle-doves would prove that, besides the nitrogen excreted from 
1e digestive canal and kidneys, nearly 24 grains are daily dis- 
narged from the skin and lungs; and those of MM. Regnault 
nd Reiset (xviii. 1848) on dogs, rabbits, and fowls, prove con- 
cantly a certain exhalation of nitrogen, the proportion seeming 
) vary according to the nature of the food. 

4. Watery vapour is, under ordinary circumstances, always 
xhaled from the lungs in breathing. The quantity emitted is, 
s a general rule, sufficient to saturate the expired air (Valentin, 
y. Bd. i. p. 547), or very nearly so (Moleschott, exxi), Its 
osolute amount is, therefore, influenced by the following cir- 
umstances. First, by the volume of air expired ; for the 
reater this is, the greater also will be the quantity of moisture 
xhaled. Secondly, by the quantity of watery vapour con- 
ained in the air previous to its being inspired ; because the 
reater this is, the less will be the amount re 


quired to complete 
ne saturation of the air, Thirdly, 


by the temperature of the ex- 


be 
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pired air: for the higher this is the greater will be the quantity 
of watery vapour required to saturate the air. Fourthly, by the 
length of time which each volume of inspired air is allowed to 
remain in the lungs; for it seems probable that, although dur- 
ing ordinary respiration the expired air is always saturated 
with watery vapour, yet when respiration is performed yery 
rapidly the air has scarcely time to be raised to the highest tem- 
perature, or be fully charged with moisture ere it is expelled, 
For ordinary cases, however, it may be held that the expired 
air is saturated with watery vapour, and hence is derivable a 
means of estimating the quantity exhaled in any given time: 
namely, by subtracting the quantity contained in the air in- 
spired from the quantity which (at the same barometric pres- 
sure) would saturate the same air at the temperature of ex- 
piration, which is ordinarily about 99°. And, on the other 
hand, if the quantity of watery vapour in the expired air be 
estimated, the quantity of air itself may from it be deter- 
mined, being as much as that quantity of watery vapour would 
saturate at the ascertained temperature and barometric pressure. 
The quantity of water exhaled from the lungs in twenty-four 
hours ranges (according to the various modifying circumstances 
already mentioned) from about 3000 to 13,000 grams (6 to 27 
ounces). Some of this is probably formed by the combina- 
tion of the excess of oxygen absorbed in the lungs with the 
hydrogen of the blood; but the far larger proportion of it must 
be the mere exhalation of the water of the blood, taking place 
from the surface of the air-passages and cells, as it does from 
the free surfaces of all moist animal membranes, particularly at 
the high temperature of warm-blooded animals. It is exhaled 
from the lungs whatever be the gas respired, continuing to be 
expelled even in hydrogen gas, 


Changes produced in the Blood by Respiration. 


The most obvious change which the blood undergoes in 18 
passage through the lungs is that of colow7, the dark crimson ° 
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enous blood being exchanged for the bright scarlet of arterial 
‘ood. The circumstances which have been supposed to give 
se to this change, the conditions capable of effecting it in- 
»pendent of respiration, and some other differences between 
terial and venous blood, were discussed in the chapter on 
Loop (page 59). The change in colour is, indeed, the most 
riking, and may appear the most important, which the blood 
adergoes in its passage through the lungs; yet, perhaps, its 
portance is very little, except in so far as it is an indication 

’ other and essential alterations effected in the composition of 
e blood. Of these alterations the principal are, 1st, that the 
ood after passing through the lungs is 1° or 2° warmer than it 
as before; 2nd, that it coagulates sooner and more firmly, and 
ntains, apparently, more fibrine; 3rd, that it contains more 
<ygen, less carbonic acid, and less nitrogen. 

The difference last named is, probably, the most important. 
might be assumed from what has been said of the changes in 
e inspired air, and it is proved, at least in regard to the first 
70 gases, by examination of the blood itself. 

The existence of carbonic acid in both arterial and venous 
»0d has been proved by several experimenters, who have 
tained appreciable quantities of it by exposing the blood to the 
cuum of the air-pump, or, more certainly, by agitating it 
th atmospheric air, oxygen, or other gases, such as hydrogen 
nitrogen. By the latter process carbonic acid may always 
_ extracted from venous blood. Some, indeed, have failed to 
oeure any gas from blood by means of the air-pump; but 
s may be explained by the fact observed by Magnus, that 
cbonie acid is not given out until the air in which the blood 
placed is so rarefied that it supports only one inch of mercury. 
eat also, commonly fails to evolve carbonic acid from blood : 
obably because, as also observed by Magnus, a teperature high 


ough to set free this gas coagulates the albumen of the blood 


d if albumen, impregnated with carbonic acid, is once coagu- 


ed, the gas cannot be separated from it again by means of heat 
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The uncertainty of former experiments is corrected by the 
recent researches of Magnus (xvii. 1845), from which it ap- 
pears sure that carbonic acid, oxygen, and nitrogen exist, 
both in arterial and venous blood. Their relative proportions 
differ in the two kinds of blood. The quantity of oxygen con- 
tained in arterial hlood is twice as great as that in venous 
blood: being equal to from 10 to 103 per cent. of the volume 
of the former, and only about 5 per cent. of the volume of the 
latter. The quantity of carbonic acid, on the other hand, is less 
in arterial than in venous blood, amounting to about 20 volumes. 
per cent. in the former, and 25 per cent. in the latter. The 
quantity of nitrogen contained in the blood varies from about 
1:7 to 3°3 per cent.: its relative proportion in arterial and in 
venous blood does not appear to differ much ; but from its being 
commonly exhaled in small quantity from the lungs, it may he 
believed to be greater in the venous blood. 

These facts aré supported by those already mentioned, eon- 
cerning the exhalation of nitrogen by animals breathing in oxy-| 
gen and hydrogen, and of carbonic acid by frogs breathing in 
nitrogen. The gases could not be so exhaled did they not 
exist in solution in the blood. And there can therefore he 
little doubt which of the proposed theories of respiration should 
be chosen for the explanation of the process. Till the existence 
of the gases in the blood was clearly proved, the theory most 
favoured was, that the oxygen of the atmospheric air permeates} 
the membranous walls of the air-cells, enters the blood, an¢| 


with the greater part of the nitrogen previously absorbed fron}) 
the atmosphere. It could be well objected, even when th}), 


were true, the lungs ought to be much warmer than other pa 
of the body, through the quantity of heat given out in t 
quick union of the carbon with the oxygen of the atmosphere} | 


and that such was not found to be the case ; the temperature ; 
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slood in the left side of the heart being never more than one or 
| wo degrees higher than that in the night. 

| Lagrange and Hassenfratz (xxxii. p. 350), impressed with 
|his and other objections, proposed the theory which, with some 
nodifications, has been more recently advocated by Magnus and 
| thers, and has been shewn by them to be sufficient for the 
xplanation of most of the phenomena yet observed in this part 
| f the respiratory process. According to this theory, the oxygen 
| bsorbed into the blood from the atmospheric air in the lungs, 
: in part dissolved, and probably, also, in part loosely combined 
|nemically with one or other of its ingredients. In this condi- 
| on the oxygen is carried in the arterial blood to the various 
jarts of the body, and with it, is, in the capillary system of ves- 
|2ls, brought into near relation or contact with the elementary 
jarts of the tissues. Herein, co-operating probably in the pro- 
j-ss of nutrition, or the removal of disintegrated parts of the 
ssues, about one-half of the oxygen which the arterial blood 
jntains disappears, and a proportionate quantity of carbonic 
|:id and water is formed. The venous blood, containing the 
,ew formed carbonic acid, returns to the lungs, where a portion 
| the carbonic acid is exhaled, and a fresh supply of oxygen is 
}rain taken in. 

| Whether part, or the whole, of the oxygen absorbed during 
| spiration is at once united chemically with any of the con- 
jituents of the blood has not been determined. By some it 
‘supposed to combine with the red corpuscles, by others with 

le thems. It appears most probable that the greater part 

| the gas is held in solution by the fluid part of the blood: 

combined, it must be very loosely so, till it reaches the ca- 

jtlaries. The same may be said with respect to the car- 

| nic acid. How the exchange of the gases is effected has 

jen already considered ; if the diffusion-theory be not re= 
ved, we must suppose the emission and imbibition to be 
ected after the plan of the secretion 


and absorption 
ids by other organs ; : * 


@ supposition which is favoured by 


I 
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the close analogy in structure between the lungs and the 
secreting glands. 


Influence of the Nervous System in Respiration. 


The respiratory functions are in two respects subject to the 
influence of the nervous system: namely, Ist, in the movements 
for the introduction and exit of air; and, 2ndly, in the inter- 
change of the gases. These will be more particularly considered 
in the sections on the Meputta Ostoncata and PNEUMOGAs: 
tric Nerves. It may suffice to state here, that the respiratory 
movements, and their regular rythm, so far as they are invo- 
luntary and independent of consciousness, (as in all ordinary 
occasions they are,) are under the absolute governance of the — 
medulla oblongata, which, as a nervous centre, receives the ies 
pression of the “necessity of breathing,” and reflects it to the” 
phrenic and such other motor nerves as will bring into co-ordi- - 
nate and adapted action the muscles necessary to inspiration. — 

But the respiratory movements may be voluntarily performed 
or variously directed, and the mind may be conscious of the 
necessity of breathing, either when it attends to the sensations 
to which that necessity gives rise, or when those sensations are 
more than commonly intense. In these cases, we may believe 
that the brain, as well as the medulla oblongata, is engaged in 
the process ; for we have no evidence of the mind exercising 
either perception or will through any other organ than the 
brain. But even when the brain is thus in action, it appears 0 
be the medulla oblongata which combines the several respira 
tory muscles to act together. In such acts, for example, 
those of coughing and sneezing, the mind must first perceive the 
irritation at the larynx or nose, and exercise a certain degree of 
will in determining the actions, as, eg. in the taking of the 
deep inspiration that always precedes them. But the mode 
which the acts are performed, and the combination of museles 
to effect them, are determined by the medulla oblongata, inde 
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ndent of the will, and have the peculiar character of reflex in- 
luntary movements, in being always, and without practice or 
perience, precisely adapted to the end or purpose. 

In these, and in all the other extraordinary respiratory ac- 
ms, such as are seen in dyspnea, or in straining, yawning, 
ecough, and others, the medulla oblongata brings into adapted 
mbination of action many other muscles besides those com- 
only exerted in respiration. Almost all the muscles of the 
dy in violent efforts of dyspnoea, coughing, and the like, may 
brought into action at once, or in quick succession ; but, 
ore particularly, the muscles of the larynx, face, scapula, 
ine, and abdomen, co-operate in these efforts with the mus- 
ss of the chest. These, therefore, are often classed as secon- 
ry muscles of respiration; and the nerves supplying them, 
cluding, especially, the facial, pneumogastric, spinal accessory, 
d external respiratory nerves, were’ classed by Sir Charles 
‘ll with the phrenic, as the respiratory system of nerves. 
ere appears, however, no propriety in making a separate 
stem of these nerves, since their mode of action is not pecu- 
r, and many besides them co-operate in the respiratory acts. 
iat which is peculiar in the nervous influence directing the 
traordinary movements of respiration is, that so many nerves 
2 combined towards one purpose by the power of a distinct 
rvous centre, the medulla oblongata. In other than respira- 
*y movements, these nerves may act singly or together, with- 
t the medulla oblongata; but, after it is destroyed, no move- 
‘nt adapted to respiration can be performed by any of the 
uscles, even though the part of the spinal cord from which 
»y arise be perfect. The phrenic nerves, for example, are 
able to excite respiratory movements of the diaphragm when 
“ir connection with the medulla oblongata is cut off, though 
pir connection with the spinal cord may be uninjured, 

‘The influence exercised through the pheumogastrie nerves 
ion the functions of the lungs cannot be conside 


red separately 
‘m their relation to the muscles of the | ; 


arynx, and must 


T 2 
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therefore be deferred to the section particularly treating of the 
nerves. 


Lffects of the Suspension and Arrest of Respiration. 


These deserve some consideration because of the illustration 
which they afford of the nature of the normal processes of respira- 
tion and circulation. When the process of respiration is stopped, 
either by arresting the respiratory movements, or permitting 
them to continue in an atmosphere deprived of uncombined 
oxygen, the circulation of blood through the lungs is retarded, 
and, at length, stopped. The immediate effect of such retarded 
circulation is an obstruction to the exit of blood from the right 
ventricle: this is followed by delay in the return of venous 
blood to the heart ; and to this succeeds venous congestion of 
the nervous centres and all the other organs of the body. I 
such retardation, also, an unusally small supply of blood is 
transmitted through the lungs to the left side of the heart ; and 
this small quantity is venous. 

The condition, then, in which a suffocated animal dies is, 
commonly, that the left side of the heart is nearly empty, 
while the lungs, right side of the heart, and other organs 
are gorged with venous blood. To this condition many things 
contribute. Ist. The obstructed passage of blood through the 
lungs, which appears to be the first of the events leading 
to suffocation, seems to depend on the cessation of the im 
terchange of gases, as if blood charged with carbonic acid | 
could not pass freely through the pulmonary capillaries. Thal 
such may be the case, is shewn by Mr. Wharton Jones} 
observation that the circulation in the web of the frog’s foo 
may he retarded or arrested by directing on the web a stream 


i=] 


puscles appear to cluster and stagnate in the vessels. But thy 
stagnation of blood in the pulmonary capillaries would not b 
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ere also weakened, for Mr. Erichsen (xciv. vol. Lxili. p. 22), 
aving pithed dogs, and tied the right bronchus, and maintained 
‘tificial respiration in the left lung, found that, so long as the 
eart’s action continued, nearly as much blood flowed through 
right pulmonary vein, as red blood through a left one. 

Therefore, 2ndly, the fatal result is due, in some mea- 
ure, to the weakened action of the right side of the heart, in 
onsequence, probably, of its over-distension by blood con- 
nually flowing into it, which it is not able to discharge 
uickly through the lungs. 

Thirdly, because of the obstruction at the right side of the 
eart, there must be venous congestion in the medulla oblongata 
ad nervous centres ; and this evil is augmented by the left ven- 
‘icle receiving and propelling none but venous blood. Hence, 
owness and disorder of the respiratory movements and the 
1ovements of the heart may be added. But this alone does 
ot explain asphyxia, for Mr. Erichsen found that a dog was 
sphyxiated in the ordinary time, although arterial blood was 
vade to circulate through the nervous centres during the whole 
me. However, under all these conditions combined, the heart 
_ length ceases to act. The time at which the complete 
‘ssation ensues is uncertain. The domestic Mammalia usu- 
ly perish, after submersion in water, in about three minutes : 
ere are exceptional cases, in which animals and human 
sings have been revived after being under water for a 
nger period. According to Mr. Erichsen (1. ¢. p. 30), in dogs 
iffocated by drowning, the voluntary movements cease in 13 
inutes ; the involuntary in 23 after submersion; the ventri- 
ilar contractions continue for a period ranging from 61 
inutes, the average time being 94 ae and ae ie 
_ arteries becomes as black as that in the veins in about 
+ minutes. In the human subject, he thinks that the ventri- 
Jar contractions always cease at or before the expiration of 
ve minutes after complete submersion ; for persons are rarely, 
ever, saved if they have been under water more than four 
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minutes. The instances in which recovery has taken place 
after a longer immersion are probably to be explained by th 
occurrence of fainting at the moment of the accident ; for, with 
the circulation enfeebled, the deprivation of air may be en 
dured much longer than it can while the blood still circulates 
quickly and accumulates carbonic acid. 

It is to the accumulation of carbonic acid in the blood, an 
its conveyance into the organs that we must, in the first place, 
ascribe the phenomena of asphyxia. For when this does not 
happen, all the other conditions may exist without injury ; as 
they do, for example, in hybernating, warm-hlooded animale 
In these, life is supported for many months in atmospheres in 
which the same animals, in their full activity, would be 
speedily suffocated. During the periods of complete torpor, 
their respiration entirely ceases; the heart acts very slowly 
and feebly ; the processes of organic life are all but suspended, 
and the animal may with impunity be completely deprived of 
atmospherie air. Spallanzani kept a marmot, in this torpid 
state, immersed for four hours in carbonic acid gas, without its 
suffering any apparent inconvenience. Dr. Marshall Hall kept 
a lethargic bat under water for sixteen minutes, and a lethargi¢ 
hedgehog for 22} minutes: and neither of the animals ap- 
peared injured by the experiment (Lxxili. vol. ii. p. 771). 


CHAPTER VII. 


ANIMAL HEAT. 


Intimately associated with the process of respiration are the 
production of animal heat, and the maintenance of an uniform 
temperature of the body; conditions as essential to the com 
tinuance of life, in warm-blooded animals, as the extrication Ol 
carbonic acid and the absorption of oxygen are. 
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The average temperature of the human body, in those internal 
varts which are most easily accessible, such as the mouth and 
ectum, may be estimated at from 98° to 100° F. In children 
he temperature is commonly as high as 102° F, In old per- 
‘ons it is about the same as in adults (Davy, xliii. 1844). Of the 
»xternal parts of the body the temperature becomes lower the 
urther they are removed from the centre of the body ; thus, in 
he human subject, a thermometer placed in the axilla was found 
vy Dr. John Davy to stand at 98° F., at the loins it indicated 
1 temperature of 963°, on the thigh 94°, on the leg 93° or 91°, 
m the sole of the foot 90° (xl. 1814). In disease, the tem- 
erature of the body may deviate several degrees above and be- 
‘ow the average of health. In some diseases, as scarlatina and 
vyphus, it rises as high as 106° or 107° F.; and in children, 
M. Roger has observed the temperature of the skin to be raised 
0 108°5° Fah. (cxxii, 1844). In the morbus ceruleus, in 
which there is defective arterialisation of the blood from mal- 
vormation of the heart, the temperature of the body is often as 
ow as 79° or 773°; in the Asiatic cholera, a thermometer 
olaced in the mouth sometimes rises only to 77° or 79°. M. 
Roger observed the temperature of the body in children to be 
sometimes reduced in disease to 74°38. 

The temperature of the body, in health, is about 11° F. lower 
during sleep than while awake. According to Dr. Davy (exxiii. 
June 1845) it is highest in the morning after rising from sleep, 
continues high but fluctuating till evening, and is lowest about 
midnight. Sustained mental exertion elevates it slightly ; con- 
tinued bodily exercise does so to a considerable extent; after 
‘eeding also it is somewhat raised. All these facts are impor- 
tant, both as shewing variations in the temperature of the body 
correspondent with those in the production of carbonic acid in 
‘he same circumstances, and as proving that the influence which 
slight changes in the organic economy of warm-blooded animals 
pa ee great or greater than that exercised by even extreme 
variation in the external temperature to which they are exposed. 


| 
| 


176 ANIMAL HEAT. 


For in warm climates, Dr. Davy found the temperature of the — 
interior of the body only from 2°7° to 3°6° F. higher than in | 
temperate climates ; and during the voyage of the Bonite, the — 
French naturalists, who had an opportunity of observing the in- 
fluence of various climates on the same persons, found that the — 
temperature of the human body rises and falls in only a slight 
degree, even in extremes of external temperatures; that it 
falls slowly in passing from hot to cold climates, and rises — 
more rapidly in returning towards the torrid zone: but 
that these changes in the temperature of the body are more 
considerable in some individuals than in others (xviii. 1838, 
p. 456). 

The temperature maintained by Mammalia, in an active 
state of life, according to the tables of Tiedemann and Rudol- 
phi, averages 101°. The extremes observed by them were 96° 
and 106°, the former in the narwhal, the latter in a bat (Ves- 
pertilio Pipistrella). In birds, the average is as high as 107°; 
the highest temperature, 111°25° being in the small species, 
the linnets, &c. (exxv. p. 234). Among reptiles, Dr. John 
Davy found that while the medium they were in was 75°, their 
average temperature was 82°5°. As ageneral rule, their tem- 
perature, though it falls with that of the surrounding medium, 
is, in temperate media, two or more degrees higher; and 
though it rises also with that of the medium, yet at very high 
degrees ceases to do so, and remains even lower than that of 
the medium. Fish, insects, and other Invertebrata present, as 
a general rule, the same temperature as the medium in whieh 
they live, whether that be high or low ; only, among fish, the 
tunny-tribe, with strong hearts, and red meat-like muscles, and 
more blood than the average of fish have, are generally 7° 
warmer than the water around them. 

The difference, therefore, between what are commonly called 
the warm- and the cold-blooded animals, is not one of abs0- 
lutely higher or lower temperature ; for the animals, which to 
us, in a temperate climate, feel cold (being, like the air or water, 
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older than the surfaces of our bodies), would, in an external 
emperature of 100° or 200°,* have nearly the same tempera- 
ure, and feel hot to us. The real difference is, as Mr. Hunter 
xpressed it (i. vol. iii, p. 16, and vol. iv. p. 131, et seq.), that 
vhat we call warm-blooded animals (birds and Mammalia), 
ave a certain “ permanent heat in all atmospheres,” while the 
emperature of the others, which we call cold-blooded, is “ vari- 
ble with every atmosphere.” 

The power of maintaining an uniform temperature, which 
Mammalia and birds possess, is combined with the want of 
ower to endure such changes of temperature as are harmless to 
he other classes ; and when their power of resisting change of 
emperature ceases, they suffer serious disturbances or die. M. 
Magendie has shewn that birds and rabbits die when, being 
»xposed to great external heat, their temperature is raised as 
nuch as 9° above the natural standard ; and it is probable that 
reduction of the temperature of the interior of the body to the 
ame amount would be very dangerous, if not fatal. 


In all the ordinary circumstances of life, the maintenance of 
iniform temperature is effected by the production of heat 
ufficient to compensate for that which is constantly lost 
n radiation into the medium in which we live, or in combina- 
ion with the fluids evaporating from the exposed surfaces of 
he body. 

The losses thus sustained are extremely various in different 
ireumstances ; and the degrees of power which animals possess 
f adapting themselves to such differences are equally various. 
some live best in cold regions, where they produce abundant 
seat for radiation, and cannot endure the heat of warm cli- 
nates, where the heat that they habitually produce would, pro- 
| vably, be excessive, and by its continual, though perhaps small, 


* 
Humboldt and Bonpland saw fish thrown up from volcanoes alive and 
5 6 


parently in health, along with water and ya i i 
J pour which raised t ermo- 
ieter to 2) 0°, he 
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excess, would generate disease; others, naturally inhabiting 
warm climates, die if removed to cold ones, as if because their 
power of producing heat were not quite sufficient to compensate 
for the constantly larger abstractions of it by radiation. Man, 

with the aid of intellect for the provision of artificial clothing, 

and with command over food, is, in these respects, superior to 

all other creatures ; possessing the greatest power of adaptation 

to external temperature, and being capable of enduring extreme 

degrees of heat as well as of cold without injury to health, 

His power of adaptation is sufficient for the maintenance of an 

uniform temperature in a range of upwards of 200° Fahrenheit; 

a power which is only shared by some of the domestic animals 

who are his companions in his various abodes. 
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Sources and Mode of Production of Heat in the Body. 


To explain the production of heat in the body, several theories 
have been advanced; but it now appears almost certain that 
the correct one is that which refers the generation of heat, pr- 
marily and in general, to certain chemical processes going on in 
the system ; but admits, at the same time, that as these chemi- 
cal changes are carried on in parts whose functions are, to a cel 
tain extent, under the influence of the nervous system, therefore 
the production of heat is liable to be modified, either locally or 
in every part, by the operation of that system. 

In explaining the chemical changes effected in the process of 
respiration (p. 166), it was stated that the oxygen of the atmo- 
sphere taken into the blood is, most probably, combined in the 
systemic capillary vessels with the carbon and the hydrogen of 
disintegrated and absorbed tissues, and certain elements of food 
which have not been converted into tissues. That such a com- 
bination, between the oxygen of the atmosphere and the ecal- 
bon and hydrogen in the blood, is continually taking place, is 
made nearly certain by the fact that, a larger amount of carbon | 
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nd hydrogen is constantly being added to the blood from the 
nod than is required for the ordinary purposes of nutrition, and 
nat a quantity of oxygen is also constantly being absorbed from 
re air in the lungs, of the disposal of which no account can he 
iven except by regarding it as combining, for the most part, 
vith the excess of carbon and hydrogen, and being evaporated 
1 the form of carbonic acid and water. In other words, the 
lood of warm-blooded animals appears to be always receiving 
om the digestive canal and the lungs more carbon, hydrogen, 
nd oxygen, than are consumed in the repair of the tissues; and 
) be always emitting carbonic acid and water, for which no 
ther source can be ascribed than the combination of these ele- 
nents. In the processes of such combination, heat must be 
ontinually produced in the animal body. The same amount of 
eat will be evolved in the union of any given quantities of car- 
on and oxygen, and of hydrogen and oxygen, whether the com. 
ination be rapid and evident, as in ordinary combustion, or 
ow and imperceptible as in the changes which are believed to 
ceur in the living body. And since the heat thus arising will 
e generated wherever the blood is carried, every part of the 
ady will be heated equally; or so nearly equally that the rapid 
reulation of the blood will quickly remove any diversities of 
smperature in different parts. 

To establish this theory it needs to be shewn that the quan- 
ty of earbon and hydrogen which, in a given time, unites in 
ae body with oxygen, is sufficient to account for the amount of 
2at generated in the animal within the same time: an amount 
ipable of maintaining the temperature of the body at from 
8° to 100°, notwithstanding a large loss by radiation and 
vaporation.* 


# © j © ; 
)* Some heat will also be generated in the combination of sulphur and 
a 5 . S 
posphorus with oxygen, to which reference has been made (page 163): but 
= 3): bu 
je amount thus produced has not been estimated, and need not be i 
> consi- 


‘red in the exposition of a theory which can, at present, be stated in only 
je most general terms. ’ 
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An attempt to determine this point was made by Dulong and 
Despretz. Dulong introduced different mammiferous animals, 
carnivorous as well as herbivorous, into a receiver, in which the 
changes produced in the air by respiration, and the volume of 
the different products, could be determined at the same time 
that the amount of heat lost by the animal could be ascertained. 
His experiments led him to conclude, among other points, that 
supposing all the oxygen, absorbed into the blood from the air 
in the lungs, were combined with carbon and hydrogen in the 
system, and that as much heat were thus generated as would 
be developed during the quick combustion of equal quantities of 
oxygen and carbon, and of oxygen and hydrogen, still, the whole 
quantity of heat produced would amount to only from ? to + ef 
that which is developed during the same space of time by carni- 
vorous as well as herbivorous animals. Despretz placed animals 
in a vessel surrounded with water; an uninterrupted current of 
air to and from the vessel was maintained, and the volume and 
composition of the air employed were ascertained both before and 
after the experiment (which was continued 14 or 2 hours), as 
well as the increase in the temperature of the surrounding 
water during it: by this means it was found that the heat 
which should have been generated, according to the chemical 
theory of respiration, would account for from 0°76 to 0°91 
only of that which the animals really gave out during the 
same time. The failure of these experiments to account for all 
the heat produced threw doubts on the chemical theory of ant 
mal heat (as the proposed explanation has been called), till 
Liebig lately shewed that Dulong and Despretz were in error 
in their conclusions, from having formed too low an estimate of 
the heat produced in the combustion of carbon and hydrogen 
On repeating their experiments, and using the more accurate 
numbers to represent these combustion-heats, Liebig finds reason 
to believe that the quantity of heat which would be generated, 
by the union of the oxygen absorbed into the blood from the 
atmosphere with the carbon and hydrogen taken into the sy 
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em as food, is sufficient to account for the whole of the caloric 
ormed in the animal body.* 

Many things observed in the economy and habits of animals 
are explicable by this theory, and are, therefore, evidence for its 
‘ruth. Thus, as a general rule, in the various classes of ani- 
nals, as well as in individual examples of each class, the quan- 
ity of heat generated in the body is in direct proportion to the 
activity of the respiratory process. The highest animal tem- 
oerature, for example, is found in birds, in whom the function 
of respiration is most actively performed. In Mammalia, the 
orocess of respiration is less active, and the average temperature 
of the body less, than in birds. In reptiles, both the respiration 
ind the heat are at a much lower standard; whilst in animals 
oelow them, in which the function of respiration is at the lowest 
point, a power of producing heat is, in ordinary circumstances, 
nardly discernible. Among these lower animals, however, the 
observations of Mr. Newport (xl. 1837) supply confirmatory 
evidence. He shews that the larva, in which the respiratory 
organs are smaller in comparison with the size of the body, has 
a lower temperature than the perfect insect. Volant insects 
have the highest temperature, and they have always the largest 
respiratory organs and breathe the greatest quantity of air: 
while among terrestrial insects, those also produce the most heat 
which have the largest respiratory organs and breathe the most 
air. During sleep, hybernation, and other states of inaction, 
respiration is slower or suspended, and the temperature is propor- 
tionally diminished ; while on the other hand, when the insect 
is most active and respiring most voluminously, its amount of 
temperature is at its maximum, and corresponds with the quan- 
tity of respiration. Neither the rapidity of the circulation nor 
the size of the nervous system, according to Mr. Newport, pre- 
sents such a constant relation to the evolution of heat. 

_ Similar evidence in favour of this theory of animal heat is fur- 


* Liebig’s estimates and calculati 
ates ¢ ations may be referred to in the » 
(Feb. 1845). a 
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nished by the fact that heat is sometimes evolved by plants, in 
a quantity which appears to be in direct proportion to the amount 
of oxygen they at the same times absorb and convert into car- 
bonic acid. For example, their evolution of heat is most evident 
during flowering and the germination of seeds, the times at 
which the largest amount of carbonic acid is exhaled. 

The quantity and quality of food consumed by man and ani- 
mals in the different climates and seasons, also appears to be 
adapted to the production of various amounts of heat by the 
combination of carbon and hydrogen with oxygen. In north- 
ern regions, for example, and in the colder seasons of more 
southern climes, the quantity of food consumed is (speaking very 
generally) greater than is consumed by the same men or ani- 
mals in opposite conditions of climate and season. And the 
food which appears naturally adapted to the inhabitants of the 
coldest climates, such as the several fatty and oily substances, 
abounds in carbon and hydrogen, and is fitted to combine with 
the large quantities of oxygen which, breathing cold dense air, 
they absorb from their lungs. 


The influence of the nervous system in modifying the pro- 
duction of heat has been already referred to. The experiments 
and observations which best illustrate it are those shewing first, 
that when the supply of nervous influence to a part is cut off 
the temperature of that part falls below its ordinary degree; 
and, secondly, that when death is caused by severe injury to or 
removal of the nervous centres, the temperature of the body 
rapidly falls, even though artificial respiration be performed, the 
circulation maintained, and to all appearance the ordinary che- 
mical changes of the body be completely effected. It has been 
repeatedly noticed that, after division of the nerves of a limb, 
its temperature falls: and this diminution of heat has been re- 
marked still more plainly in limbs deprived of nervous influence 
by paralysis. For example, Mr, Earle (xli. vol. vii. p. 178) 
found the temperature of the hand of a paralysed arm to be 70° 
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while that of the sound side had a temperature of 92° F. On 
‘lectrifying the paralysed limb, the temperature rose to 77°. In 
nother case, the temperature of the paralysed finger was 56° F., 
while that of the unaffected hand was 62°. Sir B. C. Brodie 
xliii. 1811 and 1812) found, that if artificial respiration was 
sept up in animals killed by decapitation, division of the me- 
lulla oblongata, destruction of the brain, or poisoning with Wo- 
vara poison, the action of the heart continued, and the blood 
anderwent the usual changes in the lungs, as shewn by the 
analysis of the air respired, but that the heat of the body was 
1ot maintained : on the contrary, being cooled by the air forced 
nto the lungs, it became cold more rapidly than the body of an 
animal in which artificial respiration was not kept up. With 
equal certainty, though less definitely, the influence of the 
nervous system on the production of heat is shewn in the rapid 
ind momentary increase of temperature, sometimes general, at 
other times quite local, which is observed in states of nervous 
2xcitement ; in the general increase of warmth of the body, some- 
simes amounting to perspiration, which is excited by passions of 
che mind; in the sudden rush of heat to the face, which is not a 
nere sensation; and in the equally rapid diminution of tempera- 
sure in the depressing passions. But none of these instances 
suffices to prove that heat is generated by mere nervous action, 
dependent of any chemical change ; all are as well explicable 
mn the supposition that the influence of the nervous system 
alters, in some way, the chemical processes from which the heat 
's commonly generated. There are ample proofs that the nerv- 
ous system, especially in the most highly organised animals, does 
so modify all the functions of organic life ; and it appears more 
reasonable to suppose that it thus influences the production of 
heat, than to ascribe to it any more direct agency. 


In the foregoing pages, the illustrations of the power of main- 
} taining an uniform temperature have had reference to the ordinary 


vase of man living in a medium colder than his body, and there- 
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fore losing heat both by radiation and evaporation. The losses 
in these two ways will bear, in general, an inverse proportion to 
one another ; the small loss of heat in evaporation in cold cli- 
mates may go far to compensate for the greater loss by radia- 
tion ; as, on the other hand, the great amount of fluid evaporated 
in hot air may remove nearly as much heat as is commonly lost 
by both radiation and evaporation in ordinary temperatures, 
Thus, it is possible, that the quantities of heat required for the 
maintenance of an uniform proper temperature in various cli- 
mates and seasons are not so different as they may, at first 
thought, seem: but on these points no accurate information has 
been yet obtained.* 

Neither, as to the maintenance of the temperature of the body 
in hot air is more known than that great heat can for a time 
be borne with little change in the proper temperature of the 
body, provided the air be dry. Sir Charles Blagden and others 
supported a temperature varying between 198° and 211° F. in 
dry air for several minutes; and in a subsequent experiment he 
remained eight minutes in a temperature of 260°. Delaroche 
and Berger (cxxxii) observed that the temperature of rabbits 
was raised only a few degrees when they were exposed to heat 
varying from 122° to 194°. But such heats are not tolerable 
when the air is moist as well as hot, so as to prevent evapora- 
tion from the body. M.C. James (xix. April 1844.) states that 
in the vapour baths of Nero he was almost suffocated in a tem- 
perature of 112°, while in the caves of Testaccio, in which the 
air is dry, he was but little discomforted by a temperature of 
176°. In the former, evaporation from the skin was im- 
possible; in the latter it was, probably, abundant, and the 
layer of vapour which would rise from all the surface of the 

* Vierordt has made estimates of the heat given out, per minute, from the 
lungs in warming the inspired air, and in combination with the evaporated 
water ; it would be enough to heat (at the most) 96°34 grains of water from 
32° to 212° (cx. p. 236). At this rate the loss by evaporation from the skin 
and lungs together may be roughly estimated at enough to heat nearly 4000 . 


grains of water from 32° to 212°. 
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body would, by its very slowly conducting power, defend it 
for a time from the full action of the external heat. 


It remains to notice certain conditions by which the produe- 
tion of heat is modified. 

The effects of age are noticeable. M. Edwards found the 
power of generating heat to be less in old people: and the same 
was observed by Dr. Davy (Xxxili. 1844) who, in eight people, 
between eighty-seven and ninety-five years old, found that, al- 
though the average temperature of the body was not lower than 
that of younger persons, yet the power of resisting cold was 
less in them—exposure to a low temperature causing a greater 
reduction of heat than in young persons. 

The same rapid diminution of temperature was observed by 
M. Edwards in the new-born young of most carnivorous and 
rodent animals when they were removed from the parent, the 
temperature of the atmosphere being between 50° and 533° F. ; 
whereas, while lying close to the body of the mother, their tem- 
perature was only 2 or 3 degrees lower than hers. The same 
law applies to the young of birds. Young sparrows, a week 
after they were hatched, had a temperature of 95° to 97°, while 
in the nest ; but when taken from it, their temperature fell in 
one hour to 665°, the temperature of the atmosphere being at 
the time 623°. It appears from his investigations that, in re- 
spect of the power of generating heat, some Mammalia are born 
in a less developed condition than others: and that the young 
of dogs, cats, and rabbits, for example, are inferior to the young 
of those animals which are not born blind. The need of ex- 
ternal warmth to keep up the temperature of new-born children 
is well known; the researches of M. Edwards shew that the 
want of it is, as Hunter suggested, a much more frequent cause 
of death in new-born children than is generally supposed, and 
furnish a strong argument against the idea that children, by 
early exposure to cold, can soon be hardened into resisting its 
injurious influence. 


\ 
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Active exercise, as already stated, raises the temperature of 
the body. This may be partly ascribed to the fact that every 
muscular contraction is attended by the development of one or 
two degrees of heat in the acting muscle; and that the heat 
is increased according to the number and rapidity of these 
contractions, and may he quickly diffused by the blood cireu- 
lating from the heated muscles. Possibly, also, some heat may 
be generated in the various movements, stretchings, and recoil- 
ings of the other tissues, as the arteries, whose elastic walls, 
alternately dilated and contracted, may give out some heat, 
just as caoutchoue alternately stretched and recoiling becomes 
hot. But the heat thus developed cannot be so much as some 
have supposed (Winn, xvii. Ser. 3. vol. xiv. p. 174. Winter, 
xxx. 1843. p. 794). 

The influence of external coverings for the body must not be 
unnoticed. In warm-blooded animals they are always adapted, 
among many purposes, to the maintenance of uniform tempe- 
rature ; and man adapts for himself such as are, for the same 
purpose, fitted to the various climates to which he is exposed 
by their means, and by his command over food and fire, per- 
haps as much as by his capacity of developing appropriate 
amounts of heat, he maintains his temperature on all accessible 
parts of the surface of the earth. 


CHAPTER VIII. 


DIGESTION. 


Dicrst1on is the process by which those parts of our food 


which may be employed in the formation and repair of the_ 


tissues, or in the production of heat, are made fit to be absorbed 
and added to the blood. 
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Food may be considered in its relation to the two purposes 
above-mentioned; and the various articles of food may he arti- 
ficially classified according as they are chiefly subservient to one 
or the other of these purposes. All articles of food that are to 
be employed in the production of heat, must contain a larger 
proportion of carbon and hydrogen than is sufficient to form 
water with the oxygen that they contain; and none are appro- 
priate for the maintenance of any tissues (except the adipose) 
unless they contain nitrogen, and are capable of conversion into 
the nitrogenous principles of the blood. 

The name of nutritive or plastic is given to those principles 
of food which admit of conversion into the albumen or fibrine of 
the blood, and of being subsequently assimilated, through the 
medium of the blood, by the tissues. And those principles, 
comprising the greater part of the non-nitrogenous materials of 
food, in the form of fat, starch, sugar, gum, and other similar 
substances, which are believed to be employed in the production 
of heat, are named calorifacient, or sometimes respiratory food. 

An easier division of foods than this according to their desti- 
nation, is derived from their origins ; for all consist of either ani- 
mal or vegetable substances. No substance can afford nutri- 
ment, even though it contain all the elements of organic bodies, 
unless it have all the natural peculiarities of organic compo- 
sition, and contain, incorporated with its other elements, some 
of those derived from the mineral kingdom, which, as incidental 
elements (p. 8), are found in the organized tissues ; such as sul- 
phur, iron, lime, magnesia, &c. 

Man is supported as well by food constituted wholly of ani- 
mal substances as by that which is forrned entirely of vegetable 
matters ; and the structure of his teeth, as well as experience, 
seems to point out that he is destined for a mixed kind of ali- 
ment. In the case of carnivorous animals, the food upon which 
they exist, consisting as it does of the flesh and blood of other 
animals, not only contains all the elements of which their own 
blood and tissues are composed, but contains them combined, 
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probably, in the same forms. Therefore, little more may seem 
requisite, in the preparation of this kind of food for the nutrition 
of the body, than that it should be dissolved and conveyed into 
the blood in a condition capable of being reorganized. But in 
the case of the herbivorous animals, which feed exclusively 
upon vegetable substances, it might seem as if there would be 
greater difficulty in procuring food capable of assimilation into 
their blood and tissues. But the chief ordinary articles of vegetable 
food contain substances identical, in composition, with the albu- 
men, fibrine, and caseine, which constitute the principal nutri- 
tive materials in animal food. Albumen is abundant in the 
juices and seeds of nearly all vegetables ; the gluten which exists, 
especially in corn, and other seeds of grasses, as well as in 
their juices, is identical in composition with fibrine, and is now 
commonly named vegetable fibrine ; and the substance named 
legumin, which is obtained especially from peas, beans, and 
other seeds of leguminous plants, and from the potato, is iden- 
tical with the caseine of milk. All these vegetable substances 
are, equally with the corresponding animal principles, and in the 
same manner, capable of conversion into blood and tissues ; and, 
like the blood and tissues in both classes of animals, the nitro- 
genous food of both may be regarded as in all essential respects 
similar. 

An apparently more considerable difference between animal 
and vegetable foods consists in the different kind, and propor- 
tionately larger quantity, of the non-nitrogenous principles con- 
tained in the latter. The only non-nitrogenous organic sub- 
stances in animal food are furnished by the fat, and, in some 
instances, by the vegetable matters that may chance to be 
in the digestive canals of such animals as are eaten whole. 
The amount of these is far less than that of the non-nitro- 
genous substances consumed by herbivorous animals, in their 
quantities of starch, sugar, gum, oil, and other ternary com- 
pounds. Yet, that the final destination of the ternary princi- 
ples is the same in both classes, is almost proved by the ability 
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of man and many other animals to subsist, and, apparently, to 
maintain an identical composition and an uniform temperature, 
with food of either kind. 

Again, the several alimentary substances, from both animal 
sand vegetable substances, may be arranged, according to the 
ssystem of Dr. Prout, in three classes, under the names of albu- 
minous, saccharine, and oleaginous principles. In the albuminous 
.group, are included all the nitrogenous principles, whether de- 
‘rived from the animal or from the vegetable kingdom. These 
comprise albumen, fibrine, caseine, gelatine, and chondrine ; the 
two latter substances being classed under this head on account 
of their bearing a closer resemblance to the albuminous than to 
any other principles of food. The saccharine group comprises 
substances derived exclusively from the vegetable kingdom, viz. 
sugar itself, and the various principles capable of being converted 
into it, as starch, gum, pectine and lignine, or woody fibre : all 
of which are composed of carbon, hydrogen, and oxygen, with the 
two latter in the proportion in which they form water. The 
oleayinous group includes the various kinds of fatty and oily 
principles, which occur abundantly in both the animal and 
vegetable kingdoms. All are composed principally of carbon and 
hydrogen: the quantity of the former element usually exceeding 
that of the latter; and both being more than sufficient to form 
water with the oxygen they contain. Besides these three prin- 
cipal divisions Dr. Prout makes a fourth division for the agueous 
part of food. For, besides that water constitutes nearly four- 
fifths of the total weight of the animal body, and must, there- 
fore, enter largely into the composition of food, it is highly 
probable that it plays an important part in the various transform- 
ations undergone in the system, and thus contributes materially 
to the nutrition of the different textures. 

It has been already said that animals cannot subsist on ¢ any 
but organic substances, and that these must contain the inci- 
dental elements and compounds which are naturally combined 
with them: in other words, not even organic compounds are 
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nutritive unless they are supplied in their natural state. The 
most singular instance of this fact is, perhaps, that of the pro- 
duction of scurvy by the want of vegetable food and its cure by 
giving vegetables; which, however, must be either raw, or 
simply preserved, or so cooked that their saline constituents 
may not be removed from them. Pure fibrine, pure gelatine, 
and other principles purified from the substances naturally min- 
gled with them, are incapable of supporting life for more than a 
brief time. 

Moreover, health cannot be maintained by any number of 
substances derived exclusively from one of the three groups 
of alimentary principles. A mixture of nitrogenous and non- 
nitrogenous substances, together with the inorganic principles 
which are severally contained in them, is essential to the well- 
being, and, generally, even to the existence of an animal. The 
truth of this is demonstrated by experiments performed for the 
purpose, and is illustrated by the composition of the food pre- 
pared by nature as the exclusive source of nourishment to the 
young of Mammalia, namely milk. In milk, the albuminous 
group of aliments is represented by the caseine, the oleaginous 
by the butter, the aqueous by the water, the saccharine by the 
sugar of milk.* Milk, likewise, contains phosphate of lime, 
alkaline and other salts, and a trace of iron; so that it may be 
briefly said to include all the substances which the tissues of 
the growing animal need for their nutrition, and which are 
required for the production of animal heat. The yelk and al- 
bumen of eggs are in the same relation, as food for the em- 
bryoes of oviparous animais, as milk is to the young of Mam- 
malia, and afford another example of mixed food being provided 
as the most perfect for nutrition. 


* At least it is so in the milk of herbivorous animals ; but, according to 
Dumas (xix. Oct. 1845), sugar does not exist in the milk of Carnivora, 
except when some saccharine or farinaceous principle’ is mixed with their 
food ; its place in their natural milk is filled, as it is in their food, by the 


fatty matter. 
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The experiments illustrating the same principle have been 
chiefly performed by Magendie (exxxiii.) Dogs were fed exclu- 
sively on sugar and distilled water. During the first seven or 
eight days they were brisk and active, and took their food and 
drink as usual ; but in the course of the second week they be- 
gan to get thin, although their appetite continued good and they 
took daily between six and eight ounces of sugar. The ema- 
ciation increased during the third week, and they became 
feeble, and lost their activity and appetite. At the same time 
an ulcer formed on each cornea, followed by an escape of the 
humours of the eye; this took place in repeated experiments. 
The animals still continued to eat three or four ounces of sugar 
daily ; but became at length so feeble as to be incapable of 
motion, and died on a day varying from the 31st to the 34th. 
On dissection their bodies presented all the appearances pro- 
duced by death from starvation ; indeed, dogs will live almost 
the same length of time without any food at all. 

When dogs were fed exclusively on gum, results almost simi- 
lar to the above ensued. When they were kept on olive-oil and 
water, all the phenomena produced were the same, except that 
no ulceration of the cornea took place: the effects were also the 
same with butter. Tiedemann and Gmelin obtained very similar 
results. They fed different geese, one with sugar and water, 
another with gum and water, and a third with starch and 
water. All gradually lost weight. The one fed with gum died 
on the sixteenth day; that fed with sugar on the twenty-se- 
cond; the third, which was fed with starch, on the twenty- 

| fourth, and another on the twenty-seventh day ; having lost, 
during these periods, from one sixth to one half of their weight. 
The experiments of Chossat (xix. Oct. 1843) and Letellier 
(xii. 1844) prove the same ; and in men the same is shewn by 
the various diseases to which they who consume but little ni- 
trogenous food are liable, and especially, as Dr. Budd has shewn, 
by the affection of the cornea which is observed in Hindus feed- 

_ ing almost exclusively on rice. But it is not only the non-ni- 
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trogenous substances which, taken alone, are insufficient for the 
maintenance of health. The experiments of the Academies of 
France and Amsterdam were equally conclusive that gelatine 
alone soon ceases to be nutritive (xxv. 1843-4, p. 35). 

These facts prove the necessity of a mixture of elementary 
principles in the food ; and, beyond this, Magendie’s further ex- 
periments appear to prove that animals cannot live long if fed 
exclusively on any single article of food (except milk), even 
@lthough it contains principles belonging to each of the three 
groups of alimentary substances. For example (to mention only 
some of his results), a dog fed on white bread, wheat, and water, 
did not live more than fifty days; rabbits and guinea-pigs fed 
on any one of the following substances,— wheat, oats, barley, 
cabbage, or carrots,—died with all the signs of inanition in fif- 
teen days ; while, if the same substances were given simulta- 
neously, or in succession, the animals suffered no ill effect. 


Changes of the Food effected in the Mouth. 


The first of the series of changes to which the food is sub- 
jected in the digestive canal takes place in the cavity of the 
mouth ; the solid articles of food are here submitted to the ac- 
tion of the teeth, whereby they are divided and crushed, and, 
hy being at the same time mixed with the fluids of the mouth, 
are reduced to a soft pulp capable of being easily swallowed. 
The fluids with which the food is mixed in the mouth consist 
of the secretion of the salivary glands, and the mucus secreted 
by the lining membrane of the whole buccal cavity. 

The glands concerned in the production of sa/iva are very ex- 
tensive, and, in man and Mammalia generally, are presented in 
the form of four pairs of large glands, the parotid, submaxillary, 
sublingual, and intralingual, and numerous smaller bodies, of 
similar structure and with separate ducts, which are scattered 
thickly beneath the mucous membrane of the lips, cheeks, soft 
palate, and root of the tongue. These all have the structure 
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common to what are termed conglomerate glands, which will be 
spoken of in the chapter on Secretion. Saliva, as it commonly 
flows from the mouth, is mixed with the secretion of the mu- 
cous membrane, and often with air-bubbles, which, being re- 
tained by its viscidity, make it frothy. 

When obtained from the parotid-ducts, and free from mu- 
cus, Saliva is a transparent watery fluid, the specific gravity of 
which varies from 1:006 to.1:009, and in which, when examined 


with the microscope, are found floating a number of minute ~ 


particles, derived from the secreting ducts and vesicles of the 
glands. In the impure or mixed saliva are found, besides these 
particles, numerous epithelial scales separated from the surface 
of the mucous membrane of the mouth and tongue, and mu- 
cus-corpuscles, discharged for the most part from the tonsils, 
which, when the saliva is collected in a deep vessel, and left at 
rest, subside in the form of a white opaque matter, leaving 
the supernatant salivary fluid transparent and colourless, or 
with a pale bluish-grey tint. 

In reaction the saliva, when first secreted, appears to be al- 
ways alkaline; and that from the parotid gland is said to be 
more strongly alkaline than that from the other salivary glands. 
This alkaline condition is most evident when digestion is going 
on, and, according to Dr. Wright (xxx. 1842-8), the degree of 
alkalinity of the saliva bears a direct proportion to the acidity 
of the gastric fluid secreted at the same time. 

During fasting the saliva, although secreted alkaline, shortly 
becomes acid ; and it does so especially when secreted slowly, 
and allowed to mix with the acid mucus of the mouth, by 
which its alkaline reaction is destroyed. 

According to Dr. Wright (xxx. March, 1842) the compo- 
sition of saliva is— 


Water. : « 9881 Mucus : ‘ 2°6 
Ptyaline . ° 18 Ashes : , 41 
Fatty matter . °b Loss. : . 1:2 
Albumen (with soda) Ley, | 1000-0 


K 
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Ptyaline is the name given to a supposed peculiar animal 
matter, which is insoluble in alcohol. By Mialhe it is stated to be 
closely analogous to the vegetable substance, termed diastase ; 
but it is more commonly regarded as belonging to the ill- 
defined class of extractive matters. 

The ashes of saliva have been analysed by Enderlin (x. 1844), 
who found that they consist of substances very similar to those 
in the ashes of blood, and believes that the alkalinity of the 
saliva, like that of the blood, is due to the tribasic phosphate of 
soda. The other salts which he found in it were chlorides of 
sodium and potassium, sulphate of soda, and phosphates of 
lime, magnesia, and of iron. Saliva is also said to contain a 
small quantity of sulpho-cyanogen: the presence of which is | 
indicated by a deep red colour when saliva is mixed with a 
neutral solution of a salt of the peroxide of iron. See, on 
the question, Pettenkofer (Lix. 1846. p. 115) and Strahl (tix. 
1847. p. 100). The tartar which collects on the human teeth 
consists almost entirely of the earthy phosphates, combined with 
about 19 per cent. of animal matter, and containing shells of 
infusoria, and other accidental mixtures. 

The rate at which saliva is secreted is subject to considerable 
variation. When the tongue and muscles concerned in mas- 
tication are at rest, and the nerves of the mouth are subject to 
no unusual stimulus, the quantity secreted is not more than : 
sufficient, with the mucus, to keep the mouth moist. But the 
flow is much accelerated when the movements of mastication take 
place, and especially when they are combined with the presence 
of food in the mouth. It may be excited also, even when the y 
mouth is at rest, by the mental impressions produced by the — 
sight or thought of food. Under these varying circumstances, 
the quantity of saliva secreted in twenty-four hours varies also; 
its average amount probably ranges from fifteen to twenty 
ounces. In aman who had a fistulous opening of the parotid 
duct, Mitscheriich found that the quantity of saliva discharged 
from it during twenty-four hours, was from two to three ounces ; 
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and the saliva collected from the mouth during the same period, 
and derived from the other salivary glands, amounted to six 
times more than that from the one parotid. 


The purposes served by saliva are of several kinds. In the 
first place, acting mechanically, it keeps the mouth in a due 
condition of moisture, facilitating the movements of the tongue 
in speaking, and the mastication of food. Thus also it serves 
in dissolving sapid substances, and rendering them capable 
of exciting the nerves of taste. But the principal mechanical 
purpose of the saliva is that, by mixing with the food during 
mastication, it makes it a soft pulpy mass, such as may be 
easily swallowed. To this purpose the saliva is adapted both 
by quantity and quality. For, speaking generally, the quan- 
tity secreted during feeding is in direct proportion to the dry- 
ness and hardness of the food: as M. Lassaigne has shewn, 
by a table of the quantity produced in the mastication of a 
hundred parts of each of several kinds of food; thirty parts 
suffice for a hundred parts of crumb of bread; but not less 
than 120 for the crusts; 42°5 parts of saliva are produced for 
the hundred of roast meat ; 3°7 for as much of apples; and so 
on, according to the general rule above-stated. The quality of 
saliva is equally adapted to this end. It is easy to see how 
much more readily it mixes with most kinds of food than water 
alone does; and M. Bernard believes, from his experiments, 
that the saliva from the parotid, labial, and other small glands, 
being more aqueous than the rest, is that which is chiefly 
braided and mixed with the food in mastication ; while the more 
viscid mucoid secretion of the submaxillary, palatine, and ton- 
sillitic glands, is spread over the surface of the softened mass to 
enable it to slide more easily through the fauces and esophagus. 

Beyond these, its mechanical purposes, there are reasons for 
- supposing that saliva performs some chemical part in the digestion 
of the food. The chief of these reasons are, the number and 
size of the glands engaged in the secretion; the variety of sub- 
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stances which enter into its composition, and which can 
scarcely be supposed to be of use so far as its mechanical pro- 
perties are concerned ; the quantity which is secreted, not only 
during mastication, but after the food has passed into the 
stomach, especially in old persons, who, from their loss of teeth, 
frequently swallow their food in an imperfectly masticated 
state; the fact that the saliva secreted during digestion is 
more alkaline than at other times; and, lastly, the results of 
certain experiments. 

Among the experiments are those of Spallanzani and Reaumur, 
who found that food inclosed in perforated tubes, and introduced 
into the stomach of an animal, was more quickly digested when 
it had been previously impregnated with saliva than when it was 
moistened with water. Dr. Wright, also, found that if the 
cesophagus of a dog is tied, and food mixed with water alone 
is placed in the stomach, the food will remain undigested though 
the stomach may secrete abundant acid fluid; but if the same 
food were mixed with saliva, and the rest of the experiment 
similarly performed, the food was readily digested. 

But although it may hence appear that the saliva has more 
than a mechanical influence in promoting digestion, yet the 
nature of the chemical part it takes is uncertain. Its compo- 
sition, as traced by chemical analysis, offers no guide. Its al- 
kalinity, though, as already stated, it appears to increase in the 
same proportion as the acidity of the secretion of the stomach 
both in health and in disease, is never sufficient to neutralise 
the gastric fluid; the contents of the stomach, including as they 
do the saliva swallowed, are always acid. The very short time 
during which the saliva remains in contact with the food before 
it is neutralized by the acid of the stomach, precludes the notion 
that the alkali is the principal constituent by which it assists in 
digestion. Its organic principles may, however, have more 
power; for numerous experiments, easily repeated, shew that 
when saliva or a portion of salivary gland is added to starch- 
paste, the starch is quickly transformed into dextrine, and 
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_ grape-sugar; and when common raw starch is masticated and 
mingled with saliva, and kept with it at a temperature of 90° 
or 100°, the starch-grains are cracked or eroded, and their con- 
tents are transformed in the same manner as the starch- 
paste.* Changes similar to these are effected on the starch 
of farinaceous food (especially after cooking) in the stomach ; 
and it is reasonable to refer them to the action of the saliva, 
because the acid of the gastric fluid tends to retard or prevent, 
rather than favour, the transformation of the starch. It may 
therefore be held that a purpose served by the saliva in the diges- 
tive process is that of assisting in the transformation of the starch, 
which enters so largely into the composition of most articles of 
vegetable food, and which (being naturally insoluble) is converted 
into the soluble dextrine or grape-sugar, and made fit for absorption. 

It appears from the experiments of Magendie (xviii. July, 
1846) and Bernard (Lix. 1847. p. 117), that many substances 
besides saliva may excite this transformation of starch, such as 
pieces of the mucous membrane of the mouth, bladder, rectum, 
and other parts, various animal and vegetable tissues, and even 
morbid products ; but the gastric fluid will not produce the same 
effect. The property, therefore, cannot be assigned to any pecu- 
liar organic principle in the saliva. The part of the saliva 
which appears most active is that secreted by the small glands 
and the mucous membrane of the mouth (Bernard). 

If the infiuence of saliva in assisting the digestion of farina- 
ceous food be admitted, we have yet to seek for the correspond- 
ing purpose served by the saliva of Carnivora who consume no 
such food ; and on this point there is at present no information. 

It is, indeed, unknown whether saliva exercises any kind of 
digestive power over animal substances ; no such power has 
been clearly shewn by any of the numerous experiments 
intended to display it. 

* Sce on these points Leuchs (xxxii. p. 577), Mialhe (xii, 1845), Wright 


(xxx. 1842-3), Lehmann (xiy. 1843), and a report of the Ac 


se : ¢ ademy of 
Sciences, translated in the Medical Gazette, vol, xxxvii, p: 788, 
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PASSAGE OF FOOD INTO THE STOMACH. 


When properly masticated, the food is transmitted in succes- 
sive portions to the stomach by the act of deglutition or swal- 
lowing. This act, for the purpose of description, may be divided 
into three parts. In the first, particles of food collected to a 
morsel glide between the surface of the tongue and the palatine 
arch, till they have passed the anterior arch of the fauces ; in the 
second, the morsel is carried through the pharynx ; and in the 
third, it reaches the stomach through the esophagus. These 
three acts follow each other rapidly. The first is performed 
voluntarily by the muscles of the tongue and cheeks. The 
second also is effected with the aid of muscles which are 
in part endued with voluntary motion, such as the muscles of 
the soft palate and pharynx ; but it is, nevertheless, an involun- 
tary act, and takes place without our being able to prevent it, 
as soon as a morsel of food, drink, or saliva is carried backwards 
to a certain point of the tongue’s surface. When we appear to 
swallow voluntarily, we only convey, through the first act of 
deglutition, a portion of food or saliva beyond the anterior arch 
of the palate; thus, the substance acts as a stimulus which, 
in accordance with the laws of reflex movements hereafter to 
be described, is carried by the sensitive nerves to the medulla 
oblongata, where it is reflected to the motor nerves, and an invo- 
luntary adapted action of the muscles of the palate and pharynx 
ensues. The third act of deglutition takes place in the cesopha- 
gus, the muscular fibres of which are entirely beyond the influ- 
ence of the will. 

The second act of deglutition is the most complicated, be- 
cause the food must pass by the posterior orifice of the nose 
and the rima glottidis of the larynx, without touching them. 
When it has been brought, by the first act, behind the an- 
terior arches of the palate, it is moved onwards by the tongue 
being carried backwards, and by the muscles of the anterior 
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arches contracting behind it. The root of the tongue being 
retracted, and the larynx being raised with the pharynx and 
carried forwards under the tongue, the epiglottis is pressed over 
the rima glottidis, and the morsel glides past it; the closure 
of the glottis being additionally secured by the simultaneous 
contraction of its own muscles, so that even when the epiglottis 
is destroyed there is little danger of food or drink passing into 
the larynx, so long as its muscles can act freely. At the same 
time, the approximation of the sides of the posterior palatine 
-arch, which move quickly inwards like side-curtains, closes the 
| passage into the upper part of the pharynx and the posterior nares, 
-and forms an inclined plane, along the under surface of which 
‘the morsel descends; when the pharynx, raised up to receive it, 
in its turn contracts, and forces it onwards into the cesophagus. 
In the third act, in which the food passes through the ceso- 
phagus, every part of that tube, as it receives the morsel, and 
is dilated by it, is stimulated to contract ; hence an undulatory 
contraction of the cesophagus, which is easily observable in 
horses while drinking, proceeds rapidly along the tube. It is 
only when the morsels swallowed are large, or taken too quickly 
in succession, that the progressive contraction of the esophagus 
is slow, and attended with pain. 
Besides the actions ensuing in the esophagus during the pas. 
»sage of food, certain rythmic contractions have been observed 
at its lower part, independently of deglutition. They are pro- 
duced by the fibres near the cardiac orifice of the stomach, 
which fibres are usually in a state of contraction, especially 
when the stomach is full, and appear to act as a kind of sphine- 
ter to prevent the regurgitation of food. During vomiting they 
are relaxed ; and at the same time, the whole muscular tissue 
of the tube is said to perform an anti-peristaltic motion, the re- 
verse of that which it executes during deglutition. When vo- 
miting has heen produced by the injection of tartar emetic into the 
veins, these anti-peristaltie motions of the cesophagus are said to 


be continued, even though the tube is separated from the stomach 
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DIGESTION OF FOOD IN THE STOMACH. 


Structure of the Stomach. 


Ir appears to be an universal character of animals that they 
have an internal cavity for the production of a chemical change 
in the aliment—a cavity for digestion : and when this cavity is 
compound, the part in which the food undergoes its principal 
and most important changes is the stomach. 

In man, and those Mammalia which are provided with a 
single stomach, its walls consist of three distinct layers or coats, 
viz. an external peritoneal, an internal mucous, and an inter- 
mediate muscular coat, with blood-vessels, lymphatics, and 
nerves distributed in and between them. In relation to the 
physiology of the stomach in digestion, only the muscular and 
mucous coats need be considered. 

The muscular coat of the stomach consists of three separate 
layers, or sets of fibres, which, according to their several direc- 
tions, are named the longitudinal, circular, and oblique. The 
longitudinal set are the most superficial ; they are continuous 
with the longitudinal fibres of the cesophagus, and spread out in 
a diverging manner over the great end and sides of the stomach. 
They extend as far as the pylorus, being especially distinct at 
the lesser or upper curvature of the stomach, along which they 
pass in several strong bands. The next set are the cércular or 
transverse fibres, which more or less completely encircle all parts 
of the stomach; they are most abundant at the middle and in 
the pylorie portion of the organ, and some form the chief part 
of the thick projecting ring of the pylorus. The next and con- 
sequently deepest set of fibres are the oblique ; they are eom- 
paratively few in number, and are placed only at the cardiac 
orifice and portion of the stomach, over both surfaces of which 
they are spread, some passing obliquely from left to right, 
others from right to left, around the cardiac orifice, to which 
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by their interlacing they form a kind of sphincter, continuous 
with that round the lower end of the cesophagus. 

The mucous membrane of the stomach rests upon a layer 
of loose cellular membrane, or submucous tissue, which con- 
nects it with the muscular coat, and contains its principal 
blood-vessels. Examined when the stomach is distended, it is 
smooth, level, soft, and velvety ; in the contracted state it is 
thrown into numerous, chiefly longitudinal, folds or rug. 
When examined with a lens, the internal or free surface, as 
was first accurately pointed out by Dr. Sprott 
Boyd (xciv. vol. xlvi.), presents a peculiar 
honey-comb appearance produced by shal- 
low, polygonal depressions or cells, (fig. 12. A.) 
the diameter of which varies generally from 
ath to sth of an inch; but near the pylo- 
rus is as much as 7;th of an inch. They are 43 
separated by slightly elevated ridges which 
sometimes, especially in certain morbid states 
of the stomach, bear minute, narrow, vascular 
processes that look like villi, and have given 
rise to the erroneous supposition that the 
stomach has absorbing villi like those of the 
small intestines. In the bottom of the cells 
minute openings are visible (fig, 12, 4), which 
are the orifices of perpendicular glands imbedded, side by side 
in sets or bundles, in the substance of the mucous membrane 
and composing (z) nearly the whole structure. 

These tubular glands vary in length from one-fourth of a line 
to nearly a line; they are longer and more thickly set towards 
the pylorus than elsewhere; their length is equal to the 


Fig. 12 


* Fig. 12. Mucous membrane of the stomach, after Boyd. a. Cells of 
human stomach,—open mouths of tubes seen at the bottom of each,—magni- 
fied 32 diameters ; B. section of mucous membrane of the stomach in the pig, 
—the cellular coat on which the bases of the tubes rest has been injected,— 
magnified about 20 diameters. 

K 5 
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various thickness of the mucous membrane of the stomach at 
different parts. At their bases, which rest on the submucous 
tissue, they measure about sisth of an inch in diameter, and at 
their orifices about sixth. Occasionally two contiguous tubules 
coalesce and open on the surface of the stomach by a com- 
mon orifice or duct. Over all their walls capillary blood- 
vessels are spread, derived from arteries, whose principal trunks 
lie in the submucous tissue and send up vertical branches 
through the interspaces between the several bundles of glands, 
which branches form anastomoses in the ridges between the 
polygonal spaces on the internal surface of the stomach. 

The office of these gastric glands seems to be the production of 
cells containing the digestive or gastric fluid. During the inter- 
vals between successive periods of digestion, when the stomach 
is empty, the glands appear to be at rest; they are called into 
activity on the fresh introduction of food. 
Their walls consist, essentially, of tubular in- 
flections of the basement-membrane of the 
mucous coat of the stomach ; while active in 
digestion they are filled with cells, in various 
stages of development, engaged in the elabo- 
ration of gastric fluid. In the production of 
these cells minute granules appear to be gene- 
rated at the deeper part of each gland; two 
or more of these granules grouping together 
form nuclei, and are developed into nucleated 
cells. In the higher parts of the gland, those 
parts which are nearest the free surface, 
secondary cells are developed within these 
primary ones; the walls of the latter then 
appear to coalesce and form the proper membrane or the gland, 


* Fig. 13. One of the tubular follicles of the pig’s stomach, after Was- 
mann, cut obliquely so as to display the upper part of its cavity, with the 
cylindrical epithelium forming its walls. At the lower part of the follicle, the 
external nucleated extremities of the cylinders of epithelium are seen. 
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while the new generation of cells, filled with gastric fluid, are 
discharged and mix with the food in the stomach. 

The elaboration of the gastric fluid in these cells seems to he 
perfected only as they reach the surface, for, according to Ber- 
nard (xix. March, 1844), the mucous membrane is not acid a 
little below the surface. When the stomach is empty and in- 
active, the glands are said to be also empty, and to have their 
walls lined to a greater or less depth, with cylindrical epithelium 
similar to that by which the whole mucous surface of the stomach 
is covered during the intervals of digestion. And the presence of 
this epithelium in the tubular glands usually closes their orifices, 
so that during fasting they are often distinguishable only as mi- 
nute slightly prominent papillae. When the glands again com- 
mence secreting, the epithelium separates from the deeper part, 
and together with some of that covering the mucous surface of 
the stomach, is mixed up with the newly-formed cells containing 
the gastric fluid. 

Besides these tubular or proper gastric glands, certain other 
glandular structures are frequently met with in the stomach. 
These are small, opaque-white sacculi, like the Peyer’s glands 
of the intestines, filled with minute cells and granules, situated 
chiefly along the lesser curvature of the stomach beneath the 
mucous membrane. They are only found during digestion, and 
it is probable that, having elaborated certain materials of im- 
portance to the digestive process, they burst, discharge their 
contents, and disappear. 


Secretion and Properties of the Gastric Fluid. 


While the stomach contains no food and is inactive no gastric 
fluid is secreted; and mucus, which is either neutral or slightly 


alkaline, covers its surface. But immediately on the introduc- 


tion of food or other foreign substance into the stomach, the 


/ mucous membrane, previously quite pale, becomes slightly tur- 
)gid and reddened with the influx of a larger quantity of blood, 
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the gastric glands commence secreting actively, and an acid fluid 
is poured out in minute drops, which gradually run together and 
flow down the walls of the stomach or soak into the substances 
introduced. 

The nature of the gastric fluid, thus secreted, was till lately in- 
volved in complete obscurity. The first accurate analysis of it was 
made by Dr. Prout; but it does not appear that it was collected 
in any large quantity, or pure and separate from food, until the 
time when Dr. Beaumont (exxxviii.) was enabled by a fortunate 
circumstance to obtain it from the stomach of a man, named St. 
Martin, in whom there existed, as the result of a gunshot wound, 
an opening leading directly into the stomach, near the upper ex- 
tremity of the great curvature, and three inches from the cardiac 
orifice. The external opening was situated two inches below the 
left mamma, in a line drawn from that part to the spine of the 
left ilium. The borders of the opening into the stomach, which 
was of considerable size, had united in healing with the margins 
of the external wound, but the cavity of the stomach was at 
last separated from the exterior by a fold of mucous membrane, 
which projected from the upper and back part of the opening, 
and closed it like a valve, but could be pushed back with the fin- 
ger. The introduction of any mechanical irritant, such as the 
bulb of a thermometer, into the stomach, excited at once the 
secretion of gastric fluid. This could be drawn off with a caout- 
chouc tube, and could often be obtained to the extent of nearly 
an ounce. The introduction of alimentary substances caused a 
much more rapid and abundant secretion of pure gastric fluid 
than the presence of other mechanical irritants did. No increase 
of temperature could be detected during the most active secre- 
tion; the thermometer introduced into the stomach always 
stood at 100°. Fah., except during muscular exertion, when the 
temperature of the stomach, like that of other parts of the body, 
rose one or two degrees higher. 

M. Blondlot (xvi.) and subsequently M. Bernard (xix. June, 
1844) and others, by maintaining fistulous openings into the 
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stomachs of dogs have confirmed most of the facts discovered by 
Dr. Beaumont. From their observations, also, it appears that 
pepper, salt, and other soluble stimulants excite a more rapid 
discharge of gastric fluid than mechanical irritation does ; so do 
alkalies generally, but acids have a contrary effect. When 
mechanical irritation is carried beyond certain limits, so as to 
produce pain, the secretion, instead of being more abundant, 
diminishes or ceases entirely, and a ropy mucus is poured out 
instead. Very cold water or small pieces of ice, at first render 
the mucous membrane pallid, but soon a kind of reaction ensues, 
the membrane becomes turgid with blood, and a larger quantity 
of gastric fluid is poured out. The application of too much ice 
is attended by diminution in the quantity of fluid secreted, and 
by consequent retardation of the process of digestion. The 
quantity of the secretion seems to be influenced also by im- 
pressions made on the mouth; for M. Blondlot found that 
when sugar was introduced into the dog’s stomach, either alone 
or mixed with human saliva, a very small secretion ensued ; 
but when the dog had himself masticated and swallowed it, the 
secretion was abundant. 

Dr. Beaumont described the secretion of the human stomach 
as “a clear transparent fluid, inodorous, a little saltish, and 
very perceptibly acid. Its taste is similar to that of thin muci- 
laginous water slightly acidulated with muriatic acid. It is 
readily diffusible in water, wine, or spirits ; slightly effervesces 
with alkalies; and is an effectual solvent of the materia ali- 
mentaria. It possesses the property of coagulating albumen in 
an eminent degree; is powerfully antiseptic, checking the 
putrefaction of meat; and effectually restorative of healthy 
action, when applied to old feetid sores and foul ulcerating sur- 
faces” (p. 76). 

Dr. Dunglison found in this gastric fluid free hydrochloric 
and acetic acids, phosphates and hydrochlorates of potash, soda, 
lime, and magnesia, and an animal matter which was soluble in 
cold, but insoluble in hot water. The quantity of free hydro- 
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chlorie acid which he obtained by distillation seems to have 
been large; and Dr. Prout, as well as other chemists, have 
satisfied themselves of the existence of this acid in the gastric 
fluid of the rabbit, hare, horse, calf, and dog. Acetic acid also 
is said to have been found in the gastric secretion of horses and 
dogs, as well as by Dr. Beauinont in that of the human subject. 
But the results of the recent experiments by M. Blondlot (xvi.), 
Dr. R. D. Thompson (xvii. May, 1845), MM. Bernard and 
Barreswill (xviii. Dec. 1844), and Lehmann (tix. 1847. 
p: 102), cast doubt on the opinion that jree hydrochloric, 
acetic, or any other volatile acid, exists in this fluid ; at least 
in the case of the dog and pig, the animals experimented 
on. Having obtained large quantities of pure gastric fluid 
from the stomach of a dog, and carefully distilled portions of 
it on the sand-bath, Blondlot found not the slightest trace of 
acidity in the product of the distillation ; but the residue in 
the retort was intensely acid, and became more so the more 
it was concentrated by continuing the distillation. The non- 
existence of both hydrochloric and acetic acids seeming to be 
thus demonstrated, Blondlot was led to believe that the acidity 
of the gastric fluid depends on an acid phosphate of lime. For 
he observed no effervescence on the addition of carbonate of 
lime to the acid gastric fluid; neither when carbonate of lime 
was placed in the gastric fluid, was the fluid neutralized, 
or the carbonate dissolved. By further investigation he de- 
monstrated the existence of a super-phosphate of lime in the 
gastric fluid. But he seems to have been in error in attribut- 
ing the whole of the acidity of the gastric fluid to this salt: 
for MM. Bernard and Barreswil have found that if the gastric 
fluid be sufficiently concentrated by evaporation, distinct effer- 
vescence occurs on the addition of carbonate of lime; prov- 
ing the presence of some free acid, which they as well as Dr. 
R. D. Thompson and Lehmann, consider to be the lactic, an 
opinion to which Liebig (Liv. p. 138) also gives his sanction. 
MM. Melsens and Dumas (ix. 1844. p. 109) have also proved 
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ithe existence of a free acid by the gradual solution of portions 
sof carbonate of lime placed in gastric fluid. But since, even 
after long contact, the carbonate of lime does not completely 
neutralize the acid of the gastric fluid, it is most probable that 
ithere is, together with a free acid, some acid phosphate of lime, 
jas maintained by M. Blondlot. 

Respecting the nature of the free acid, whose presence is thus 
yproved, the discrepant results suggest a supposition that the 
‘source of the acidity of the gastric fluid may vary in different 
‘animals, or at different times in the same animal. The exist- 
vence of hydrochloric acid in the human gastric fluid seems to 
thave been clearly determined by Prout and Dunglison, and 
more recently by Enderlin (ix. 1843. p. 149); its non- 
vexistence, and the existence of lactic acid, as clearly in the 
‘fluid of pigs and dogs by the other analysts just quoted ; pos- 
ssibly all are right. The results of experiments in artificial 
‘digestion make it probable that the digestive properties of the 
gastric fluid require only the existence ofa certain degree of 
sacidity, which is equally effective whatever be the acid em- 
jployed, provided this acid does not decompose the active animal 
jprinciple of the digestive fluid. 


The animal matter mentioned in the analysis of the gastric 
ifluid by Dr. Dunglison has been since named pepsine, from its 
jpower in the process of digestion. It is best procured by digest- 
ing portions of the mucous membrane of the stomach in cold 
water, after they have been macerated for some time in water 
jat a temperature between 80° and 100° F. The warm water 
‘dissolves various substances as well as some of the pepsine, 
‘but the cold water takes up little else than pepsine, which, on 
evaporating the cold solution, is obtained in a greyish-brown 
viscid fluid. The addition of aleohol throws down the pepsine 
‘in greyish-white flocculi; and one part of the principle thus 
/prepared, if dissolved in even 60,000 parts of water, will digest 
‘meat and other alimentary substances, 
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The digestive power of the gastric fluid is manifested in its 
softening, reducing into pulp, and partially or completely dis- 
solving various articles of food placed in it at a temperature of 
from 90° to 100°. This, its peculiar property, requires the pre- 
sence of both the pepsine and the acid; neither of them can 
digest alone, and, when they are mixed, either the decomposi- 
tion of the pepsine, or the neutralization of the acid, at once de- 
stroys the digestive property of the fluid. For the perfection of 
the process, also, certain conditions are required, which are all 
found in the stomach ; namely, first, a temperature of about 
100° F. ; secondly, such movements as the food is subjected to 
by the muscular actions of the stomach, which bring in succes- 
sion every part of it in contact with the mucous membrane, 
whence the fresh gastric fluid is being secreted ; thirdly, the 
constant removal of those portions of food which are already di- 
gested, so that what remains undigested may be brought more 
completely into contact with the solvent fluid; and fourthly, 
a state of softness and minute division, such as that to which 
the food is reduced by mastication previous to its introduction 
into the stomach. 

The chief circumstances connected with the mode in which the 
gastric fluid acts upon food during natural digestion have been de- 
termined by watching its operations on different alimentary sub- 
stances, when removed from the stomach and placed in conditions 
as nearly as possible like those in which it acts therein. The fact 
that solid food, immersed in gastric fluid out of the body, and 
kept at a temperature of about 100°, is gradually converted 
into a thick fluid similar to chyme, was shewn by Spallanzani, 
Dr. Stevens, Tiedemann and Gmelin, and others. They used 
the gastric fluid of dogs,—obtained by causing the animals to 
swallow small pieces of sponge, which were subsequently with- 
drawn soaked with the fluid,—and proved nearly as much as 
the later experiments with the same kind of gastric fluid by 
Bloudlot, Bernard, and others. But these need not be particu- 
larly referred to, while we have the more satisfactory and in- 
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structive observations which Dr. Beaumont made with the fluid 
obtained from the stomach of St. Martin. After the man had 
fasted seventeen hours, Dr. Beaumont took one ounce of gastric 
fluid, put into it a solid piece of boiled recently salted beef 
weighing three drachms, and placed the vessel which contained 
them in a water-bath heated to 100°. “In forty minutes diges- 
tion had distinctly commenced over the surface of the meat ; 
in fifty minutes, the fluid had become quite opaque and cloudy, 
the external texture began to separate and become loose ; and 
in sixty minutes chyme began to form. At 1 p.m.” (two hours 
after the commencement of the experiment) ‘the cellular tex- 
ture seemed to be entirely destroyed, leaving the muscular 
fibres loose and unconnected, floating about in fine small shreds, 
very tender and soft” (cxxxviii. p. 120). In six hours, they 
were nearly all digested—a few fibres only remaining. After 
the lapse of ten hours, every part of the meat was completely 
digested. The gastric juice, which was at first transparent, was 
now about the colour of whey, and deposited a fine sediment of 
the colour of meat. A similar piece of beef was, at the time of 
the commencement of this experiment, suspended in the stomach 
by means of a thread ; at the expiration of the first hour, it was 
changed in about the same degree as the meat digested artifi- 
cially ; but, at the end of the second hour, it was completely 
digested and gone. 

In other experiments Dr. Beaumont withdrew, through the 
opening in the stomach, some of the food which had been 
taken twenty minutes previously, and which was completely 
mixed with the gastric juice. He continued the digestion, which 
had already commenced, by means of artificial heat in a water- 
bath. Ina few hours, the food thus treated was completely 
chymified ; and the artificial seemed in this, as in several other 
experiments, to be exactly similar to, though a little slower than, 
the natural digestion. 

The apparent identity of the process within and out of the 


stomach thus manifested, while it shews that we may regard 
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digestion as essentially a chemical process, when once the 
gastric fluid is formed, justifies the belief that Dr. Beaumont’s 
other experiments with the digestive fluid may exactly repre- 
sent the modifications to which, under similar conditions, its ac- 
tion in the stomach would be liable. He found that, if the mix- 
ture of food and gastric fluid were exposed to a temperature of 
84° F., the process of digestion was completely arrested. In 
another experiment, a piece of meat which had been macerated 
in water at the temperature of 100° for several days, till it ac- 
quired a strong putrid odour, lost, on the addition of some fresh 
gastric juice, all signs of putrefaction, and soon began to be di- 
gested. From other experiments he obtained the data for esti- 
mates of the degrees of digestibility of various articles of food, 
and the modes in which the digestion is liable to be affected, 
to which reference will again be made. 


When natural gastric juice cannot be obtained, many of these 
experiments may be performed with an artificial digestive fluid, 
the action of which, probably, very closely resembles that of 
the fluid secreted by the stomach. It is made by macerating 
in water portions of fresh or dried mucous membrane of the 
stomach of a pig* or other omnivorous animal, or of the fourth 
stomach of the calf, and adding to the infusion a few drops of 
hydrochloric acid—about 33 grains to half an ounce of the mix- 
ture, according to Schwann. Portions of food placed in such 
fluid, and maintained with it at a temperature of about 100°, 
are, in an hour or more, according to the toughness of the sub- 
stance, softened and changed in just the same manner as they 
would be in the stomach. 


The nature of the action by which the mucous membrane of 
the stomach, and its secretion, work these changes in organic 

* The best portion of the stomach of the pig for this purpose is that 
between the cardiac and pyloric orifices; the cardiac portion appears to 
furnish the least active digestive fluid. 
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matter, is exceedingly obscure. The action of the pepsine may 
be compared with that ofa ferment, which, at the same time 
that it undergoes change itself, induces certain changes also 
in the organic matters with which it is in contact. Or its 
mode of action may belong to that class of chemical processes 
‘termed “ catalytic,’ in which a substance excites, by its mere 
presence, and without itself undergoing change as ordinary fer- 
ments do, some chemical action in the substances with which it 
is in contact. So, for example, spongy platinum placed in 
a mixture, however voluminous, of oxygen and hydrogen, 
makes them combine to form water; and diastase makes the 
starch in grains undergo transformation, and sugar is produced. 
And that pepsine acts in some such manner appears probable 
from the very minute quantity capable of exerting the peculiar 
digestive action on a large quantity of food, and apparently 
with little diminution in its active power. The process differs 
from ordinary fermentation in being unattended with the form- 
ation of carbonic acid, in not requiring the presence of oxygen, 
and in being unaccompanied by the production of new quanti- 
ties of the active principle, or ferment. It agrees with the pro- 
cesses of both fermentation and organic catalysis in that what- 
ever alters the composition of the pepsine (such as heat above 
110°, strong alcohol, or strong acids), destroys the digestive 
power of the fluid. 


Changes of the Food in the Stomach. 


The general effect of digestion in the stomach is the con- 
version of the food into chyme, a substance of various com- 
position according to the nature of the food, yet always present- 
ing a characteristic thick, pultaceous, grumous consistence, with 
the undigested portions of the food mixed in a more fluid sub- 
stance, and a strong disagreeable acid odour and taste. Its 
colour depends on the nature of the food, or on mixtures of yel- 
low or green bile which may, apparently even in health, pass 
into the stomach. 
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Reduced into such a substance, all the various materials of a — 
meal may be mingled together, and near the end of the digestive — 


process hardly admit of recognition; but the experiments of 


artificial digestion, and the examination of stomachs with fis- | 


tule, have illustrated many of the changes through which the 
chief alimentary principles pass, and the times and modes in 
which they are severally disposed of. These must now be traced. 

The readiness with which the gastric fluid acts on the seve- 
ral articles of food is, in some measure, determined by the state 
of division, and the tenderness and moisture of the substance 
presented to it. By minute division of the food, the extent of 
surface with which the digestive fluid can come in contact is 
increased, and its action proportionately accelerated. Tender 
and moist substances offer less resistance to the action of the 
gastric juice than tough, hard, and dry ones do, because they 
may be thoroughly penetrated with it, and thus be attacked by 
it, not only at the surface, but at every part at once. The 
readiness with which a substance is acted upon by the gastrie 
fluid does not, however, necessarily imply the degree of its nu- 
tritive property ; for a substance may be nutritious, yet, on ac- 
count of its toughness or other qualities, hard to digest ; and 
many soft, easily-digested substances contain comparatively a 
small amount of nutriment. But for a substance to be nutri- 
tive it must be capable of being assimilated to the blood ; and 


to find its way into the blood, it must, if insoluble, be diges-j} 


tible by the gastrie fluid or some other secretion in the intes 
tinal canal. ‘There is, therefore, thus far, a necessary connec 


tion between the digestibility of a substance and its power olf 


affording nutriment. 


Those portions of food which are liquid when taken into thq} 
stomach, or which are easily soluble in the fluids therein, ard} 


probably at once absorbed by the blood-vessels in the mucous 
membrane of the stomach. Magendie’s experiments, and, bet 


ter still those of Dr. Beaumont, have proved this quick absorp}} 


tion of water, wine, weak saline solutions, and the like ; tha 


; 
: 
) 
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they are absorbed without manifest change by the digestive 
fuid; and that, generally, the water of such liquid food as 
soups is absorbed at once, so that the substances suspended in 
t are concentrated into a thicker material, like the chyme 
‘rom solid food, before the digestive fluid acts upon them. 

The action of the gastric fluid on the several kinds of solid 
food has been studied in various ways. In the earliest expe- 
riments, perforated metallic and glass tubes, filled with the 
alimentary substances, were introduced into the stomachs of 
animals, and after the lapse of a certain time withdrawn, to ob- 
serve the condition of the contained substances; but such ex- 
periments are fallacious, because gastric fluid has not ready 
access to the food. A better method was practised in a series 
of experiments by Tiedemann and Gmelin, who fed dogs with 
different substances, and killed them in a certain number of 
hours afterwards. But the results they obtained are of less in- 
terest than those of the experiments of Dr. Beaumont, on his 
(patient, St. Martin, and of Dr. Gosse (exxxvii.) who had the 
‘power of vomiting at will. 

Dr. Beaumont’s observations shew that the process of diges- 
‘tion in the stomach, during health, takes place so rapidly that 
a full meal, consisting of animal and vegetable substances, may 
mearly all be converted into chyme in about an hour, and the 
stomach left empty in two hours and a half. The detail of 
/two days’ experiments will be sufficient examples :— 

Exp. 42. April 7th, 8 a.m. St. Martin breakfasted on 
\three hard-boiled eggs, pancakes, and coffee. At half-past eight 
)o’clock, Dr. Beaumont examined the stomach, and found a hete- 
/rogeneous mixture of the several articles slightly digested. ... 
At a quarter past ten, no part of the breakfast remained in the 
) stomach. 

Exp. 43.—At eleven o’clock the same day, he ate two roasted 
) eggs and three ripe apples. In half an hour they were in an 
‘incipient state of digestion; and at a quarter past tw 


elve no 
| vestige of them remained. 
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Exp. 44.—At two o'clock p.m. same day, he dined on roasted — 
pig and vegetables. At three o’clock they were half chymified, | 
and at half-past four nothing remained but a very little gastric 
juice. 

Again, “Exp. 46. April 9th. At three o’clock p.m. he 
dined on boiled dried codfish, potatoes, parsneps, bread, and 
drawn butter. At half-past three o’clock examined, and took 
out a portion about half digested ; the potatoes the least so. The 
fish was broken down into small filaments ; the bread and par- 
sneps were not to be distinguished At four o’clock examined 
another portion. Very few particles of fish remained entire. 
Some of the few potatoes were distinctly to be seen. At half 
past four o’clock took out and examined another portion ; all 
completely chymified. At five o’clock stomach empty” (p. 
158). 

Many circumstances besides the nature of the food are 
apt to influence the process of chymification. Among them 
are, the quantity of food taken; the stomach should be fairly 
filled, not distended: the time that has elapsed since the 
last meal, which should be at least enough for the stomach to 
be quite clear of food: the amount of exercise previous and sub- 
sequent to the meal, gentle exercise being favourable, over- 
exertion injurious to digestion: the state of mind, tranquillity 
of temper being apparently essential to a quick and due diges- 
tion: the bodily health: the state of the weather. But under 
ordinary circumstances, from three to four hours may be taken 
as the average time occupied by the complete digestion of 
meal. 

Dr. Beaumont constructed a table shewing the times required 
for the digestion of all usual articles of food in St. Martin’s 
stomach, and in his gastrie fluid taken from the stomach 
Among the substances most quickly digested were rice an 
tripe, both of which were chymified in an hour; eggs, salmonj) 
trout, apples, and venison, were digested in an hour and 
half; tapioca, barley, milk, liver, fish, in two hours ; turkey 
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‘amb, potatoes, pig, in two hours and a half; beef and mutton 
required from three hours to three and a half, and both were 
more digestible than veal; fowls were like mutton in their 
degree of digestibility. Animal substances were, in general, 
converted into chyme more rapidly than vegetables. 

Dr. Beaumont’s experiments were all made on ordinary arti- 
cles of food. A minuter examination of the changes produced 
oy gastric digestion on various tissues has been lately made 
by Dr. Rawitz, (xxvi.) who examined microscopically the pro- 
ducts of the artificial digestion of different kinds of food, 
and the contents of the feeces after eating the same kinds of 
‘ood. The general results of his examinations, as regards ani- 
mal food, shew that muscular tissue breaks up into its con- 
stituent fasciculi, and that these again are divided trans- 
versely ; gradually the transverse striz become indistinct, and 
then disappear; and finally, the sarcolemma seems to be dis- 
solved, and no trace of the tissue can be found in the chyme, 
except a few fragments of fibres. These changes ensue most 
rapidly in the flesh of fish and hares, less rapidly in that of 
poultry and other animals. The fragments of muscular tissue 
which remain after the continued action of the digestive fluid, 
do not appear to undergo any alteration in their passage through 
the rest of the intestinal canal, for similar fragments may be 
found in feces even twenty-four hours after the introduction of 
the meat into the stomach. The cells of cartilage and fibro- 
cartilage, except those of fish, pass unchanged through the sto- 
mach and intestines, and may be found in the feces. The inter- 
‘stitial tissues of these structures are converted into pulpy tex- 
‘tureless substances in the artificial digestive fluid, and are not 
‘discoverable in the faeces. Elastic fibres are unchanged in the 
‘digestive fluid. Fatty matters also are unchanged ; f 
sometimes found quite unaltered in the feeces : 
cholestearine may usually be obtained from fi 
after the use of pork-fat. 

As regards vegetable substances, 


at-cells are 
and crystals of 
ces, especially 


Dr. Rawitz states that he 
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frequently found large quantities of cell-membranes unchanged | 
in the faeces ; also starch-cells, commonly deprived of only part — 
of their contents. The green colouring principle, chlorophyll, | 
was usually unchanged. The walls of the sap-vessels and 
spiral-vessels were quite unaltered by the digestive fluid, and 
were usually found in large quantities in the feeces; their con-_ 
tents, probably, were removed. 

From these experiments we may understand the structural 


not reducible to chyme, nor capable of any further act of diges 
tion. The chemical changes undergone in and by the proximate 
principles are less easily traced. : 

Of the albuminous principles, the caseine of milk, and, accord- 
ing to Dr. Beaumont, fluid albumen, are coagulated by the acid i 


the condition of the other solid principles of the food. These, } 
including solid albumen and fibrine, in the same proportion @ s | 


they are broken up and anatomically disorganised by the gastric [fF 


into combination with water. It is sufficient to conceal nearly} 
all their characteristic properties; the albumen is made scarcely) 
coagulable by heat ; the gelatine, even when its solution is eva- 
porated, does not congeal in cooling; the fibrine and caseine 
cannot be found by their characteristic tests. It would seem,} 
indeed, as if all these various substances were converted into 
one and the same principle, a low form of albumen, from which, 
after being absorbed, they are again raised in the elaboration of 
the chyle and blood to which they are assimilated. 

Whatever be the mode in which the gastric secretion affects} 
these principles, it, or something like it, appears essential in} 
order that they may be assimilated to the blood and tissues} 
For, when Bernard and Barreswil injected albumen dissolved 
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m water into the jugular veins of dogs, they always, in three 
nours after, found it in the urine. But if, previous to injection, 
t was mixed with gastric fluid, no trace of it could be detected 
m the urine. 

The saccharine including the amylaceous principles are at first, 
orobably, only mechanically separated from the vegetable sub- 
stances within which they are contained, by the action of the 
gastric fluid. The soluble portions, viz. sugar, gum, and pectine 
are probable at once absorbed. The insoluble ones, viz. starch 
and lignine (or some parts of it) are rendered soluble and capable 
of absorption, by being converted into dextrine and grape-sugar. 
t is probable that this change is carried on to some extent in 
she stomach; for many experiments, including those of Dr. Percy 
-Lxxi. April, 1843), shew that starch is absorbed from the 
stomach, being, of course, previously rendered soluble. But the 
change is continued in the intestinal canal, perhaps, as will be 
shewn, under the influence of the secretion of the pancreas. 
And, further, respecting the action of the stomach in the diges- 
sion of starch, it may be doubted whether the human stomach 
nas any power over it in the raw state; for both by man and 
Carnivora, when starch has been taken raw, as in corn and rice, 
jarge quantities of the granules are passed unaltered with the 
excrements. Cooking, by expanding or bursting the envelopes 
f the granules, renders their interior more amenable to the 
action of the digestive organs; and the abundant nutriment 
‘umnished by bread, and the large proportion that is absorbed 
of the weight of it consumed, afford proof of the completeness 
f their power to make its starch soluble and prepare it for ab- 
sorption. 

Of the oleaginous principles, as to their changes in the sto- 
mach, no more can be said than that they appear to be reduced 
co minute particles, and pass into the intestines mingled with 
che other constituents of the chyme. Being further changed in 


he intestinal canal, they are rendered capable of absorption by 
che lacteals. 
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Movements of the Stomach. 


It has been already said that the gastric fluid is assisted to- 
wards accomplishing its share in digestion by the movements 
of the stomach. In granivorous birds, for example, the con- 
traction of the strong muscular gizzard affords a necessary 
aid to digestion by grinding and triturating the hard seeds 
which constitute part of the food. But in the stomachs of 
man and Mammalia the motions of the muscular coat are too 
feeble to exercise any such mechanical force on the food ; neither 
are they needed, for mastication has already done the mechani- 
cal work of a gizzard; and the experiments of Reaumur and 
Spallanzani have demonstrated that substances enclosed in per- 
forated tubes, and consequently protected from mechanical in- | 
fluence, are yet digested. 

The normal actions of the muscular fibres of the human sto- 
mach appear to have a three-fold purpose ; first, to adapt the 
stomach to the quantity of food in it, so that its walls may be in 
contact with the food on all sides, and, at the same time, may 
exercise a certain amount of compression upon it; secondly, to 
keep the orifices of the stomach closed until the food is digested, 
and then, permitting the pyloric orifice to open, to expel the 
chyme through it into the intestines; and, thirdly, to produce 
certain movements among the contents of the stomach whereby 
the thorough intermingling of the food and gastric fluid may be 
facilitated. 

When digestion is not going on, the stomach is uniformly con- 
tracted, its orifices not more firmly than the rest of its walls; 
but, if examined shortly after the introduction of food, it is found 
closely encircling its contents, and its orifices are firmly closed 
like sphincters. The cardiac orifice, every time food is swal- 
lowed, opens to admit its passage into the stomach, and im- 
mediately again closes. The pyloric orifice, during the first part 
gastric digestion, is usually so completely closed, that even when 
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the stomach is separated from the intestines, none of its contents 
escape. But towards the termination of the digestive process, the 
oylorus seems to offer less resistance to the passage of substances 
‘rom the stomach; first it yields to allow the successively di- 
gested portions to go through it ; and then it allows the transit 
of even undigested substances. 

From the observations of Dr. Beaumont on the man St. 
Martin, it appears that food, as soon as it enters the stomach, 
s subjected to the action of the muscular coat, whereby it 
s moved through the fundus and along the great curvature 
‘rom left to right, and then along the lesser curvature from 
right to left. He perceived the effect of the same motions 
n the changes of position which the stem of a thermometer, 
whose bulb was introduced into the stomach, underwent. Each 
of these circular motions occupied from one to three minutes. 
They increased in rapidity as the process of chymification ad- 
anced, and continued until it was completed. 

The contraction of the fibres situated towards the pyloric end 
of the stomach, seems to be more energetic and more decidedly 
peristaltic than those of the cardiac portion. Thus, Dr. Beau- 
mont found that when the bulb of the thermometer was placed 
about three inches from the pylorus, it was tightly embraced 
from time to time and drawn towards the pyloric orifice for a 
distance of three or four inches. The object of this movement 
appears to be to carry the food towards the pylorus as fast as 
it is formed into chyme, and to propel the chyme into the duo- 
denum ; the undigested portions of food being kept back until 
they also are reduced into chyme, or until all that is digestible 
has passed out. The action of these fibres is often seen in the 
contracted state of the pyloric portion of the stomach after death, 
when it alone is contracted and firm, while the cardiac portion 
forms a dilated sac. Sometimes, by a predominant action of 
strong eircular fibres placed between the cardia and pylorus, the 
‘two portions, or ends, as they are called, of the stomach, are 
separated from each other by a kind of hour-glass contraction, 


L2 
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These actions of the stomach are peculiar to it and inde- 
pendent. But it is, also, adapted to act in concert with the ab- 
dominal muscles, in certain circumstances which can hardly be 
called anormal, as in vomiting and eructation. It has, indeed, 
been frequently stated that the stomach itself is quite passive 
during vomiting, and that the expulsion of its contents is effect- 
ed solely by the pressure exerted upon it when the capacity of — 
the abdomen is diminished by the contraction of the diaphragm 
and abdominal muscles: and this opinion has been especially 
supported by M. Magendie (xxxii. p. 554). After having in- 
jected tartar emetic into the veins of dogs, and in other instances 
given it by the mouth, he states that he never saw the stomach 
itself contract ; and that if in such cases he drew the stomach 
out of the abdominal cavity, vomiting was prevented until he 
returned the viscus to its natural situation, when vomiting im- 
mediately ensued. Pressure with the hand had the same in- 
fluence as the abdominal muscles; and even the action of the 
diaphragm alone, pressing against the linea alba, was sufficient 
to produce vomiting when the abdominal muscles had been cut 
away. When the stomach was removed, and a pig’s bladder 
connected with the esophagus in its stead, vomiting was pro- 
duced in the same way as when the stomach itself remained 
uninjured. The latter observation, however, only proves that 
the pressure exerted by the contracting abdominal muscles upon 
an unresisting bag, is sufficient to expel its contents. And the 
others do not shew more than that a considerable share in the 
act of vomiting is exercised by the abdominal muscles. 

On the other hand, many facts seem to prove that the sto- 
mach takes an active part in the expulsion of its own contents. 
In a case, for example, which fell under the notice of M. Le- 
pine (Lv. 1844), the abdomen of the patient was torn open by 
a horn, and the stomach was wholly protruded. For half an 
hour it was seen repeatedly and forcibly contracting itself, till 
by its own efforts it expelled all its contents-except the gases, 
Moreover, during vomiting, the contraction of the stomach can 
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susually be distinctly felt by the patient; though, at least in 
‘animals, it appears to be often so slight and rapid, that even 
‘when the stomach is exposed, its occurrence might he over- 
looked. 

Besides taking this share by its contraction, the stomach also 
_ essentially contributes to the act of vomiting, by the relaxation 
_of the oblique fibres around the cardiac orifice, coincidently with 
the contraction of the abdominal muscles and of the rest of its 
own fibres. For, until the relaxation of these fibres, no vomit- 
/ing can ensue; when contracted, they can as well resist all the 
‘force of the contracting abdominal and other muscles, as the 
muscles by which the glottis is closed can resist the same force 
in the act of straining. Doubtless we may refer many of the 
) acts of retching and ineffectual attempts to vomit to the want 
of concord between the relaxation of these muscles and the 
- contraction of the rest. 

The muscles with which the stomach co-operates in contrac- 
' tion during vomiting, are chiefly and primarily those of the ab- 
domen; the diaphragm also acts, but not as the muscles of the 
abdominal walls do. They contract and compress the stomach 
' more and more towards the back and upper parts of the dia- 
phragm ; and the diaphragm (which is usually drawn down 
in the deep inspiration that precedes each act of vomiting) 
holds itself fixed in contraction, and presents an unyielding 
' surface against which the stomach may be pressed. It is en- 
_ abled to act thus, and probably only thus, because the inspira- 
tion which precedes the act of vomiting, is terminated by closure 
of the glottis; after which the diaphragm can neither descend 
_ further, except by expanding the air in the lungs ; nor, except 
by compressing the air, ascend again until, the act of vomiting 
having ceased, the glottis is opened again. 

Some persons possess the power of vomiting at will, without 
applying any undue irritation to the stomach, but simply by a 
voluntary effort. It seems also that this power may be ac- 
quired by those who do not naturally possess it, and by con- 
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tinual practice may become a habit. Cases are also of no rare 
occurrence in which persons habitually swallow their food 
hastily, and nearly unmasticated; and then, at their leisure, 
regurgitate it piece by piece into their mouth, remasticate, and 
again swallow it, exactly as is done by the ruminant order of 
Mammalia. 


Influence of the Nervous System on Gastric Digestion. 


This influence is manifold; and is evidenced, Ist, in the 
sensations which induce to the taking of food; 2nd, in the 


secretion of the gastric fluid; 3rd, in the movements of the food 


in and from the stomach. 

The sensation of hunger is manifested in consequence of de- 
ficiency of food in the system. The mind refers the sensation 
to the stomach; yet, since the sensation is relieved by the in- 
troduction of food either into the stomach itself, or into the 
blood through other channels than the stomach, it would ap- 
pear not to depend on the state of the stomach alone, This 
view is confirmed by the fact that the division of both 
pneumogastric nerves, which are the principal channels by 
which the mind is cognisant of the condition of the stomach, 
does not appear to allay the sensations of hunger (Reid, Lxxiii. 
vol. ili. p. 899). 

But that the stomach has some share in this sensation, is 
proved by the relief afforded, though only temporarily, by the 
introduction of even non-alimentary substances into this organ. 
It may, therefore, be said that the sensation of hunger is de- 
rived from the system generally, but chiefly from the condition 
of the stomach; the nerves of which, we may suppose, are 
more affected by the state of the insufficiently replenished blood 
than those of other organs are. 

The sensation of thirst, indicating the want of fluid, is re- 
ferred to the fauces, although, as in hunger, this is merely the 
local declaration of a general condition existing in the system. 


f 
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/For thirst is relieved for only a very short time by washing the 
ldry fauces; but may he relieved completely by the introduc- 
‘tion of liquids into the blood, either through the stomach, or by 
injections into the blood-vessels, or by absorption from the sur- 
‘face of the skin, or the intestines. The sensation of thirst is 
' perceived most naturally whenever there is a disproportionately 
/ small quantity of water in the blood ; as well, therefore, when 
/water has been abstracted from the blood, as when saline, or 
/ any solid matters have been abundantly added to it. We can 
express the fact (even if it be not an explanation of it), by say- 
ing that the nerves of the mouth and fauces, through which the 
, sense of thirst is chiefly derived, are more sensitive to this con- 
' dition of the blood than other nerves are. And the cases of hunger 
and thirst are not the only ones in which the mind derives, 
from certain organs, a peculiar predominant sensation of some 
' condition affecting the whole body. Thus, the sensation of the 
“necessity of breathing,” is referred especially to the lungs; but, 
as Volkmann’s experiments shew, it depends on the condition 
of the blood which circulates everywhere, and is felt even after 
the lungs of animals are removed; for they continue, even then, 
to gasp and manifest the sensation of want of breath. So, per- 
haps, it may be added, the disordered blood of fever, and other 
affections of the blood, circulates everywhere, but produces 
peculiar sensations in only certain parts. And, as with respi- 
ration, when the lungs are removed, the mind may still feel the 
body’s want of breath, so in hunger and thirst, even when the 
stomach has been filled with innutritious substances, or the 
pneumogastric nerves have heen divided, and the mouth and 
fauces are kept moist, the mind is still aware, by the more ob- 


scure sensations in other parts, of the whole body’s need of food 
and water. 


The influence of the nervous system on the secretion of gastric 
fluid, is shewn plainly enough in the influence of the mind upon 
digestion in the stomach; and is, in this regard, well illustrated 
by several of Dr. Beaumont’ rvati 

y umont’s observations. M. Bernard, also, 
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watching the act of gastric digestion in dogs, who had fistulous 
openings into their stomachs, saw that on the instant of di- 
viding their pneumogastric nerves, the process of digestion was 
stopped, and the mucous membrane of the stomach previously 
turgid with blood, became pale and ceased to secrete. These, 
however, and the like experiments, shewing the instant effects 
of division of the pneumogastric nerves, may prove no more than 
the effect of a severe shock, and that influences affecting diges- 
tion may be conveyed to the stomach through those nerves. 
From other experiments it may be gathered that, although, as in 
M. Bernard’s, the division of both pneumogastric nerves always 
temporarily suspends the secretion of gastric fluid, and so arrests | 
the process of digestion, and is occasionally followed by death 
from inanition, yet the digestive powers of the stomach may be 
completely restored after the operation, and the formation of 
chyme and the nutrition of the animal may be carried on 
almost as perfectly as in health (Reid, xxiii. vol. ii. p. 900). 

It has been said that after the division of the pneumogastrie 
nerves, the absorption of poisons by the stomach does not take 
place, or is more slowly effected. But in thirty experiments 
on Mammalia, which M. Wernscheidt performed under Miiller’s 
direction, not the least difference could be perceived in the 
action of narcotic poisons introduced into the stomach, whether 
the pneumogastric had been divided on both sides or not ; pro- 
vided the animals were of the same species and size. It ap- 
pears, however, that such poisons as are capable of being ren- 
dered inert by the action of the gastric fluid, may, if taken 
into the stomach shortly after division of both pneumogastric 
nerves, produce their poisonous effects, in consequence, appa- 
rently, of the temporary suspension of the secretion of gastrie 
fluid. Thus, in one of his experiments, M. Bernard gave to 
each of two dogs, in one of which he had divided the pneumo- 
gastric nerves, a dose of emulsine, and half an hour afterwards 
a dose of amygdaline, substances which are innocent alone, but 
when mixed produce hydroeyanic acid. The dog whose nerves 
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were cut, died in a quarter of an hour, the substances being ab- 
sorbed unaltered and mixing in the blood; in the other, the 
emulsine was decomposed by the gastric fluid before the amyg- 
daline was administered ; therefore, hydrocyanic acid was not 
formed in the blood, and the dog survived. 

The influence of the nervous system on the movements of the 


_ stomach has been often seen in the retardation or arrest of these 


movements after division of the pneumogastric nerves. The re- 


sults of irritating the same nerves were ambiguous; but the 
experiments of Longet (cxxxvi. vol. i. p. 323) and Bischoff 


(Lxxx. 1843, Jahresbericht, p. ctv.) have shewn that the diffe- 
rent results depended on whether the stomach were digesting or 
not at the time of the experiment. In the act of digestion, the 


nervous system of the stomach appears to participate in the 
excitement which prevails through the rest of its organization, 


and a stimulus applied to the pneumogastric nerves is felt in- 
tensely, and active movements of the muscular fibres of the 
stomach follow; but in the inaction of fasting the same stimulus 
produces no effect. So, while the stomach is digesting, the py- 


- lorus is too irritable to allow anything but chyme to pass; but 


when digestion is ended, the undigested parts of the food, and 
even large bodies, coins and the like, may pass through it. 
Experiments have done little to explain the influence of the 


sympathetic nerves and their ganglia on the movements and 
secretions of the stomach. 


CHANGES OF THE FOOD IN THE INTESTINES, 


In the intestines, into which the passage of the chyme has 
been just described, the food thus far acted on and digested is 
exposed to the influence of the bile, the pancreatic fluid, and 
the secretions of the several glands imbedded in and forming 
the intestinal mucous membrane. By the action of these 
various secretions the chyme underg 


i oes further changes; after 
which, being more perfectly separat 


ed from the innutritious 
L 5 
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parts of the food, it is absorbed by the blood-vessels and lac-— 
teals, and the rest of the food, with portions of the above-named 
secretions, are ejected in feces. 


Structure and Secretions of the Intestines. 


The intestinal canal is divided into two chief portions, — 
named, from their differences in diameter, the small and the — 
large intestines, which are separated from each other by a mus- 
cular valvular structure, the ileo-ccecal valve. This distinction 
is much less marked in Carnivora than in Herbivora ; the large 
intestine in the latter class of animals being very wide and 
long. ‘The small intestine, for convenience of description, has — 
been further divided into three portions, viz. the duodenwm, 
which extends for eight or ten inches beyond the pylorus; the 
jejunum, which occupies two-fifths, and the idewm, which occu- 
pies three-fifths, of the rest of this portion of the canal. The 
large intestine also is subdivided into three portions, viz. the 
cecum, a short, wide pouch, separated from the small intestines 
by the deo-ceecal valve; the colon, which occupies the prin- 
cipal part of the large intestine, and is divided into an ascend- 
ing, transverse, and descending portion; and the rectwm, which 
terminates at the anus. The cecum is said to be absent in all 
animals which hybernate: it is small in Carnivora, and very 
large and long in the Solidungula, Ruminantia, and Rodentia, 
in which there is reason to believe that it has an especially 
active part in the digestion of the food which has not been per- 
fectly transformed in the stomach. 

The intestines, like the stomach, are constructed of three 
principal coats, viz. the serous, muscular, and mucous. The 
fibres of the muscular coat of the small intestine are arranged 
in two layers; those of the outer layer being disposed longi- 
tudinally ; those of the inner layer transversely, or, in portions 
of circles encompassing the canal. In the ewcum and colon, 
besides those longitudinal fibres which, as in the small intes- 
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‘tines, are thinly disposed on all parts of the walls, others are 
‘collected into three strong bands, which are so connected with 
‘the other coats of the intestine, especially with the peritoneal 
‘coats, that they hold the canal in folds bounding intermediate 
‘sacculi. At the rectum, the fasciculi of these longitudinal bands, 
‘or ligaments of the colon as they are called, spread out and 
‘mingle with the other longitudinal fibres, forming with them a 
thicker layer of longitudinal fibres than exists on any other 
‘part of the intestinal canal. 

The mucous membrane of the small intestine has its surface 
‘greatly extended by being formed in transverse folds, termed 
valvule conniventes. These commence in the duodenum, are 
largely developed therein directly beyond the orifice of the bile- 
‘duct, and retaining the same large size and closely placed, are 
‘continued through the whole of the jejunum, and then, gradu- 
sally diminishing in size and closeness of juxtaposition, they 
/cease near the middle of the ileum. No similar folds exist in 
any part of the large intestine. 

In the substance of the mucous membrane of the small intes_ 
tine numerous glands are imbedded; its surface is studded 
/ with minute processes termed villi ; and it is covered through- 
out with cylindrical epithelium. 

The glands of the small intestine are of three principal kinds, 
/named after their describers, the glands of Lieberkiihn (Lxxv.), 
of Peyer (txxvi.), and of Brunn or Brunner (ixxvii.). The 
glands or follicles of Lieberkiihn are simple tubular depressions 
of the intestinal mucous membrane, thickly distributed over the 
whole surface both of the large and small intestines.* In the 
| small intestines, these are visible only with the aid of a lens, and 
| their orifices appear as minute dots scattered between the villi. 
_ They are larger in the large intestine, and increase in size the 
/ nearer they approach the anal end of the intestinal tube, and in 


* Lieberkiihn only described them as existing in the small intestines 


) Boehm (xxvii.) first pointed out their existence over the whole extent of the 
| large intestines also. 
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the rectum their orifices may be visible to the naked eye. Each 
tubule or follicle is constructed of the same essential parts as 
the intestinal mucous membrane, viz. a fine structureless mem- 
brana propria or basement-membrane, a layer of cylindrical 
epithelium lining it, and capillary blood-vessels covering its ex- 
terior. Their contents appear to vary, even in health; the 
varieties being dependent, probably, on the period of time in 
relation to digestion at which they are examined. At the bot- 
tom of the follicle the contents usually consist of a granular 
material, in which a few cyloblasts or nuclei are imbedded: 
these cytoblasts, as they ascend towards the surface, are sup- 
posed to be gradually developed into nucleated cells, some of 
which are discharged into the intestinal cavity. The purpose 
served by the material secreted by these glands is unknown. 
Their large number and the extent of surface occupied by them 
seem, however, to indicate that they are concerned in other and 
higher offices than the mere production of fluid to moisten the 
surface of the mucous membrane. 

The glands of Peyer occur exclusively in the small intestine. 
They are found in the greater abundance the nearer to the ileo- 
cecal valve. They are met with in two conditions, viz. either || 
scattered singly, in which case they are termed glandule solt- 
tarice, or aggregated in groups of various sizes, chiefly of an 
oval form, and situated opposite the attachment of the mesen- 
tery. In this state they are named glandule agminate, the 
groups being commonly called Peyer's patches. In structure, 
and probably in function, there is no essential difference be-|) 
tween the solitary glands and the individual bodies of which 
each group or patch is made up; but the surface of the solitary 
glands (fig. 14) is beset with villi, from which those forming 
the agminate patches (fig. 15) are usually free. In the condition 
in which they have been most commonly examined, each gland 
appears as a circular, opaque, white sacculus, from half a line to 
a line in diameter, and, according to the degree in which it is 
developed, either sunk beneath, or more or less prominently 
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raised on, the surface of a depression or fossa in the mucous 
4 . . 
/ membrane. Each gland is surrounded by openings like those 


Fig. 150+ 


_ of Lieberkiihn’s follicles (see fig. 15), except that they are more 


elongated ; and the direction of the long diameter of each open- 
ing is such that the whole produce a radiated appearance around 
the white sacculus. These openings appear to belong to tubules 
like Lieberkiihn’s follicles ; they have no communication with 
the sacculus, and none of its contents escape through them on 
pressure. Neither can any permanent opening be detected in the 
sacculus or Peyer’s gland itself. 

According to Henle’s view, which is now generally adopted, 
each of these glands may be regarded as a secreting cell, which, 
when its contents are fully matured, forms a communication 
with the cavity of the intestine by the absorption or burst- 
ing of its own cell-wall and of the portion of mucous mem- 
brane over it ; thus it discharges its secretion into the intestinal 


* Fig. 14. Solitary gland of small intestine, after Bochm. 

+ Fig. 15. Part of a patch of the so-called P 
shewing the various forms of the sacculi, with their 
rest of the membrane marked with 
villi. After Boehm. 


eyer’s glands magnified, 
zone of foramina, The 
Lieberkithn’s follicles and sprinkled with 
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tube. A small shallow cavity or space remains for a time after 


this absorption or dehiscence, but shortly disappears, together 
with all trace of the previous gland. The opaque white con- 
tents of the Peyer’s glands consist of minute granules and cells, 
but of their nature and purpose nothing is known; only it is 
probable they assist in digestion, because the glands are usually 
most developed when the rest of the mucous membrane presents 
most signs of activity in digestion and absorption. 


Fig. 16.* 


Brunner’s glands are confined to the duodenum ; they are — 


most abundant and thickly set at the commencement of this 
portion of the intestine, diminishing gradually as the duodenum 
advances. They are situated beneath the mucous membrane, 


imbedded in the submucous tissue, minutely lobulated bodies, | 


visible to the naked eye, like detached small portions of pan- 
creas, and provided with permanent gland-ducts, which pass 


* Fig. 16. Side-view of a portion of intestinal mucous membrane of a cat, 
shewing a Peyer’s gland (a): it is imbedded in the submucous tissue (/), the 
line of separation between which and the mucous membrane passes across the 
gland: 6, one of the tubular follicles, the orifices of which form the zone of 
openings around the gland: c, the fossa in the mucous membrane: d, villi: 
e, follicles of Lieberkthn. After Bendz (Lxxix), 
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‘through the mucous membrane and open on the internal sur- 
‘face of the intestine. As in structure, so probably in function, 
‘they resemble the pancreas ; or at least stand to it in a similar 
‘relation to that which the small labial and buccal glands oceupy 
‘in relation to the larger salivary glands, the parotid and sub- 
/maxillary. 

The Vid/i are confined exclusively to the mucous membrane 
‘of the small intestine. They are minute vascular processes, 
‘from a quarter of a line to a line and two-thirds in length 
(Miiller, xxxii. p. 285), covering, in the proportion of about 
‘twenty-five on every square line, the surface of the mucous 
‘membrane (Lieberkiihn, txxy.), and giving it a peculiar velvety, 
'fleecy appearance. They vary in form even in the same animal, 
,and differ according as the vessels they contain are empty or full 
jof chyle ; being usually, in the former case, flat and pointed at 
‘their summits, in the latter cylindrical or clavate. Into the 
‘base of each villus there enter one or more lacteal vessels, which 
sare believed to divide and anastomose, and form a network 
‘which extends nearly to the extremity of the villus (Krause, 
|LXxx. 1837, Valentin, txxx. 1839, EK. H. Weber, txxx. 1847, 
p- 400) (see plate 1, fig. 9). Two or more minute arteries 
jare distributed within each villus, and from their capillaries pro- 
ceed one or two small veins, which pass out at the base of the 
villus (see fig. 7, p. 120).* Being a process of the mucous 
-membrane, each villus possesses an investing basement-mem- 
'brane, the outer surface of which is covered with a layer of 
_eylindrical epithelium, similar to that which invests every other 
part of the intestinal mucous membrane, and lines the tubular 
follicles of Lieberkiihn. 

The office of the villi is the absorption of chyle from the 
completely digested food in the intestines. The mode in 
which they effect this will be considered in the chapter on An- 
| SORPTION. 


* It should have been stated in the foot-note at p- 120, that fig. 


7 repre- 
' sents the vessels of an intestinal villus - 


a, a, the arteries: 4, the vein, 
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The glands of the large intestine are of two kinds, viz. the | 
tubular follicles of Lieberkiihn already described, and certain 
solitary glands which are scattered over the whole length of 
this part of the intestines, but are most numerous in the 
cecum and its vermiform appendix. Boehm described these 
solitary glands as simple flask-shaped cavities, provided with a 
permanent orifice at the apex of the cavity. But Dr. Baly 
(txxi. March, 1847) has shewn that they have not always a 
permanent opening, but are sometimes closed, resembling in this 
respect the solitary glands of the small intestine. When 
closed, the existence of these glands can only be recognized by 
the absence of the orifices of the tubular follicles at the spots 
which they occupy. When a gland is emptied of its contents 
it often happens that a number of the adjoiming tubular follicles 
appear to be drawn inwards, and present a radiated arrange- 
ment around the centre of the gland. In the midst of these 
radiating tubular follicles the orifice of the gland may be dis- 
cerned. 

Of the functions of these intestinal glands, as of the others 
already mentioned, nothing is known. The difficulty of deter- 
mining the function of any single set of the intestinal glands must, 
indeed, seem almost insuperable: while so many fluids are dis- 
charged together into the intestine, and all acting, probably, at |} 
once, produce a general effect upon the food, it is almost im- 
possible to discern the share of each. On this ground, the 
changes that the food undergoes in the intestines must be 
deferred till all the fluids that act upon it have been described. 


The Pancreas, and its Secretion. 


The pancreas is situated within the curve formed by the 
duodenum, and its main duct opens into that intestine, either 
through a small opening or through a duct common to itself) 
and to the liver. The pancreas, in its minute anatomy, closely 
resembles the salivary glands; and the fluid elaborated by it 
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appears almost identical with saliva. When obtained pure, 
n all the different animals in which it has been hitherto ex- 
amined, it has been found colourless, transparent, and slightly 
viscid. The most recent investigations tend to confirm the 
account given by Leuret and Lassaigne, that when fresh it is 
alkaline and contains an animal matter and certain salts, both 
of which are similar to those found in saliva, except in that 
chere is no sulpho-cyanogen. Like saliva, the pancreatic fluid, 
shortly after its escape, becomes neutral and then acid. Most 
of the earlier examiners state that it contains a certain quan- 
city of albumen ; but it is probable that this was only an acci- 
lental ingredient in the specimens examined; for M. Blondlot 
‘Xvi. p. 124), who obtained a considerable quantity of pure 
secretion from the pancreas of a dog, states that he could not 
ind a trace of albumen in it. 

Numerous experiments have shewn that starch is acted upon 
oy the pancreatic fluid, or by portions of pancreas put in starch- 
paste, in the same manner as it is by saliva and portions of the 
salivary glands. And although, as before stated (p- 197), 
many substances besides those glands can excite the transform- 
ation of starch into dextrine and grape sugar, yet it appears not 
‘mprobable that the pancreatic fluid, exercising this power of 
cransformation, is subservient to the purpose of digesting 
starch. MM. Bouchardat and Sandras (xix. Jan. 1845) have 
shewn that the raw starch-granules which have passed unchanged 
through the crops and gizzards of granivorous birds, or through 
che stomachs of herbivorous Mammalia, are, in the small in- 
cestines, disorganized, eroded, and finally dissolved, as they are 
when exposed, in experiment, to the action of the pancreatic 
fluid. The bile cannot effect such a change in starch ; but it 
| remains yet to be proved whether the pancreas or the intestinal 
| mucous membrane have the greater share in it. 
| Moreover, the existence of a pancreas in the Carnivora indi- 
| cates that it must serve some purpose besides that of digesting 

starch. Perhaps it may assist in the digestion of fat, or in 
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rendering it fit for absorption ; for numerous cases are recorded 
in which, the pancreatic duct being obstructed so that the 
secretion could not be discharged, fatty or oily matter was 
abundantly discharged from the intestines (xxi. vol. xviii. p. 57). 
In nearly all these cases, indeed, the liver was coincidently 
diseased, and the change or absence of the bile might appear to 
contribute to the result: but in at least one* the liver was 
healthy, and there appeared nothing but the absence of the 
pancreatic fluid from the intestines to which the excretion or 
non-absorption of fatty matter could be ascribed. 


The Liver and its Secretion. 


Structure of the Liver.—The liver receives blood through two 
vessels, the hepatic artery and the portal vein. The former, con- 
veying arterial blood, appears to be destined chiefly for the nutri- 
tion of the coats of the large vessels, the ducts, and the investing . 
membranes belonging to the liver, supplying these parts with 
blood as the bronchial artery does the corresponding parts in 
the lungs (see p. 156). Through the latter, which carries venous 
blood, are supplied the materials for the formation of bile. 

The tributary branches, by the convergence and junction of 
which the main trunk of the portal vein is formed, comprise the 
veins which receive the blood from the stomach and intestinal 
canal, the spleen, pancreas, and gall-bladder. The trunk thus 
formed branches, like an artery, in the liver, and its minutest 
divisions (short of the capillaries) are so arranged that they di- 
vide, or, as it were, map out, the whole liver into minute 
nearly oval portions, or lobules, from ,jth to jth of an inch in 
diameter. From these interlobular veins (as they are called) 
proceed on every side minute capillaries, which form dense 
net-works that seem to make up nearly the whole substance of 
the lobules. Through the capillaries, the blood passes into éntra- 


* Museum St. Bartholomew’s Hospital, Series XX. No. 2. 
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lobular veins, of which one, with its outspread branches, occu- 
pies the centre, or axis, of each lobule; and these intralobular 
veins, by successive junction and conflux, make up the trunks 
of the hepatic veins, by which the blood of the portal vein, 
after secreting the bile, is carried from the liver. The inter- 
spaces left in the plexuses of capillaries in every lobule of the 
liver appear filled with nucleated cells (hepatic or bile-cells fig. 
17, A). These are rounded or polygonal cells, from Ath to aioth 
of an inch in diameter, containing well-marked nuclei and gra- 
nules, and having, sometimes, 
a yellowish tinge, especially Fig. 17. 
about their nuclei, derived from 
the bile, which appears to be 
first formed in them ; frequent- 
ly they contain various-sized 
particles of fat (B, fig. 17), 
though this fatty matter is pro- 
bably not one of the natural 
constituents of healthy cells. In what relation these cells stand 
to the minutest bile-ducts is unsettled: either they form or 
line ducts, arranged in plexuses like those of the capillary blood- 
vessels, and interlacing with them (Kiernan, xiii. 1833, Kro- 
nenberg, Lxxx. 1844, E.H. Weber, Lxxx. 1844, Backer, exxvyi. 
&c.), or else they are only packed in among the blood-ves- 
sels, and by temporary communications discharge their con- 
tents into the minute bile-ducts which lie in the spaces between 
the lobules (Henle, xxxvii., Handtield Jones, Lxxi. vol. xxxix. 
p. 387, &c.).* 

From what has been already said, it will appear that the 
blood which the portal vein conveys to the liver contains por- 
tions of the soluble parts of food absorbed by the blood-vessels 


* On the structure of the Liver, the student should read the original 
papers of Kiernan (xviii. 1833, and Lxxi. vol. xv.), or the description by 
Erasmus Wilson in the Cyclopedia of Anatomy, and in Dr. Budd’s Treatise 
on Diseases of the Liver. 
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during the process of digestion. This blood of the portal vein 
differs, it has been observed, from the venous blood in other 
parts of the body in being of less specific gravity, darker, and 
not capable of being rendered bright by the contact of salt, ox- 
ygen, or atmospheric air (Schultz, Lxxxi.); in containing only 
about half the ordinary quantity of fibrine, and this in an im- 
perfect condition, so that when it coagulates the clot forms 
slowly, and is less firm than in other blood; and in con- 
taining less albumen, but more red globules, and nearly 
twice the usual amount of fatty matter. These characteristics 
of portal blood refer to the composition of the blood itself, 
and have no reference to the extraneous substances, such as 
the absorbed materials of food which it may contain ; neither 
has any complete analysis of these been made. Only, Bouc- — 
hardat and Sandras (xix. Jan. 1845) state that after herbivo- 
rous animals have been fed on farinaceous substances, more 
dextrine, grape-sugar, and lactic acid (?) are detected in the 
blood of the portal vein than in that of any other blood- 
vessel. Trommer, also, has detected grape-sugar in the blood 
of the portal vein, but not in that of the hepatic vein, in 
animals to whom this substance was given with their food; a 
fact with which we may connect that observed by Blondlot (xx. 
p- 62) and Chossat (xix. Oct. 1843), namely, that the adminis- 
tration of non-nitrogenous articles of food, especially of sugar, 
increases considerably the quantity of bile secreted. These 
things make it probable that the food, especially the saccharine 
and amylaceous principles, being absorbed from the intestines 
by the blood-vessels and conveyed through the branches of the 
portal vein in the liver, contributes, with the elements of the 
portal blood, to supply the materials out of which the bile is 
formed. 


Composition of the Bile.-—The hile is a somewhat viscid fluid, 
of a yellow or greenish-yellow colour, a strongly bitter taste, 
and a peculiar nauseous smell; its specifie gravity is from 
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1026 to 1030. Its colour and degree of consistence vary much, 
apparently independent of disease ; but, as a rule, it becomes 
gradually more deeply coloured and thicker while it advances 
along its ducts, or remains long in the gall-bladder, wherein, 
at the same time, it becomes more viscid and ropy from being 
mixed with the mucus. 

The bile has been always described as having naturally a 
slightly alkaline reaction; but the recent investigations by 
Gorup-Besanez (Lxxxiii.) shew that in man, oxen, and pigs, 
it is always, when first secreted, exactly neutral ; but, in the 
early stages of its decomposition, is apt to become acid, and 
subsequently alkaline. 

The analysis of the bile of the ox by Berzelius (xv. Art. 
Galle, p. 518), may be taken as the most nearly correct of the 
many that have been published. It gives 


Water . ° c : ° + 9044 
Biline (with fat and colouring principles). 80:0 
Mucus, chiefly from the gall-bladder - 03:0 
Salts ; : . - 5 12°6 

100°0 


The investigations of Gorup-Besanez shew that the composition 
of human bile is essentially similar. 

The Biline or biliary matter described by Berzelius, when 
ifreed from the fat with which it is combined by ether, is a 
sresinoid substance, soluble in water, alcohol, and alkaline solu- 
‘tions, and giving to the watery solution the colour and taste 
of bile. Mulder (xiv. 1847), whose recent account of biline 
accords very closely with that of Berzelius, describes it as being 
neutral, and without the tendency to unite with bases, solid 
‘but not erystallizable. Berzelius and Mulder both consider 
‘biline to be a single substance, which, in decomposition, yields 
ivarious materials that have been regarded as natural consti- 
ituents of bile, such as the biliary resin and picromel of Thenard 
(xiii. t. i. p. 23), the taurine found by Gmelin, the dyslysin, 
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choleic, cholinic, fellinic, and other acids of as many other 
writers.* According to Mulder, this decomposition of biline 
begins in the gall-bladder of the living animal, and continues out 
of the body until the whole of the biline is decomposed ; and 
because both of its quickness and the variety of its results, the 
exact composition of pure biline cannot be determined. 

The fatty matter of bile consists chiefly of the crystalline 
substance named cholestearine (see p. 10). Other fatty sub- 
stances are usually found in various small proportions, such as 
oleime and margarine, or their acids, oleie and margaric acids, 
combined with potash and soda. The colowring matter has not | 
yet been obtained pure from the bile, owing to the facility with 
which it is decomposed. It occasionally deposits itself in the | 
gall-bladder as a yellow substance mixed with mucus, and in 
this state has been frequently examined. Berzelius (xy. Art. 
Galle) gave it the name of cholepyrrhine, or bilipyrrhine; 
Simon (Lxxxi. vol. i. p.43) named it biliphewine. Berzelius 
also thought it composed of two colouring matters; because 
if, to the solution of cholepyrrhine in caustic soda, or potash, 
an acid is added, a green substance is deposited in flocculi, 
which has all the properties of chlorophyll, the green colouring 
matter of plants; this he called biliverdin. After its separation, 
a yellow substance still remains, which he named bilifulvine. 
But it is probable, as maintained by Gorup-Besanez (Lxxxiii), 
that these substances are only the products of the decomposi- 
tion of a single colouring matter, the original cholepyrrhine 
of Berzelius, the bilipheine of Simon; and that the various 
colours presented by bile depend upon modifications of this prin- 
ciple. Gorup-Besanez states, also, that there is a considerable 
analogy between it and the colouring matter of blood ; a view 
which has been maintained also by Polli (vii. 1846). The addi- 


* The principal writers on the chemistry of the bile, besides those just 
quoted, are Kemp, in various parts of the Chemical Gazette and London Me- 
dical Gazette; Demargay (xii. 67, p. 177); Liebig (xi. 3rd edit.) ; Prout 
(xxi. p. 502); Griffith (cii.). 
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‘tion of a mineral acid to the colouring matter of bile produces 
singular transformations of tint, converting the yellowish colour 
‘successively into green, blue, violet, red, and brown, and thus 
j affords a ready means of detecting the presence of bile or of its 
‘colouring matter.* (See Pettenkofer, ix. 1844, p. 90.) 
The mucus in bile is derived chiefly from the mucous mem- 
| brane of the gall-bladder, but in part also from the hepatic ducts 
-and their branches. It constitutes the residue after bile is 
‘treated with alcohol. The epithelium with which it is mixed 
may be detected in the bile with the microscope in the form of 
cylindrical cells, either scattered or still held together in layers. 
To the presence of this mucus is probably to be ascribed the 
jrapid decomposition undergone by the biline ; for, according to 
\Berzelius, if the mucus be separated, bile will remain un- 
changed for many days. 

The saline or inorganic constituents of the bile are similar to 
those found in most other secreted fluids, including the chlorides 
of sodium and potassium, and the phosphates and sulphates of 
soda, potash, lime, and magnesia, It has generally been sup- 
posed that the bile contains free soda or an alkaline salt of this 
‘substance, such as the carbonate or tribasic phosphate; but 
'Gorup-Besanez having shewn, as already stated, that the bile 
is really neutral, it is probable that the carbonate and tribasic 
phosphate of soda found in the ashes of bile are formed in the 
‘incineration, and do not exist as such in the fluid. Oxyde of 
iron, also, is a common constituent of the ashes of bile (Gorup- 
\Besanez, Lxxxiil.) ; and copper is generally found in healthy 
‘bile, and constantly in biliary caleuli (Gorup-Besanez, LXXXiil. ; 
vand see p. 22). 


' Such are the principal chemical constituents of bile; but 
its physiology is, perhaps, more illustrated by its ultimate ele- 
mentary composition. According to Liebig’s analysis, the bili- 
ary matter—consisting of biline and the products of its s 


a j ponta- 
neous decomposition—yields on analysis 76 atoms of car 


bon, 66 
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of hydrogen, 22 of oxygen, 2 of nitrogen, and a certain quantity 
of sulphur.* Comparing this with the ultimate composition of 
the organic parts of blood—which may be stated at C,,H,,N, 
O,, with sulphur and phosphorus—it is evident that bile con- 
tains a large preponderance of carbon and hydrogen, and a defi- 
ciency of nitrogen. The import of this will presently appear. 


The process of secreting bile is probably continually going on, 
but appears to be retarded during fasting, and accelerated on 
taking food. This was shewn by Blondlot (xx. p. 62), who, 
having tied the common bile-duct of a dog, and established a 
fistulous opening between the skin and gall-bladder, whereby 
all the bile secreted was discharged at the surface, noticed that, 
when the animal was fasting, sometimes not a drop of bile was 
discharged for several hours ; but that, in about ten minutes 
after the introduction of food into the stomach, the bile began 
to flow abundantly, and continued to do so during the whole 
period of digestion. 

The bile is probably formed first in the hepatic cells; then, 
being discharged (in some unknown way) into the minutest he- 
patic ducts, it passes into the larger trunks, and from the main 
hepatic duct may be carried at once into the duodenum. But, 
probably, this happens only while digestion is going on ; during 
fasting it flows from the common bile-duct into the cystic duct, 
and thence into the gall-bladder, where it accumulates till, in 
the next period of digestion, it is discharged into the intestine. 
The gall-bladder thus discharges what appears to be its chief 
or only office, that of a reservoir ; for it enables bile to be con- 


* The sulphur is combined with the taurine,— one of the substances 
yielded by the decomposition of biline. According to Redtenbacher’s ana 
lysis (x. Feb, 1846), the general correctness of which is confirmed by Dr. 
Gregory (vii. p. 566), the quantity of sulphur in taurine is about 26 pei 
cent. According to Dr. Kemp (vi. No. 99, 1846), the sulphur in the bile 
of the ox, dried and freed from mucus, colouring matter, and salts, constitute 
about 3 per cent. 
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stantly secreted for the purification of the blood, yet insures 
that it shall all be employed in the service of digestion, although 
digestion is periodic and the secretion of bile is constant. 

The mechanism by which the bile passes into the gall-bladder 
is simple. The orifice through which the common bile-duct com- 
municates with the duodenum is narrower than the duct, and 

‘appears to be closed except when there is sufficient pressure 
behind to force the bile through it. The pressure exercised upon 
‘the bile secreted during the intervals of digestion appears insuf- 
\ficient to overcome the force with which the orifice of the duct 
‘is closed ; and the bile in the common duct, finding no exit into 
ithe intestine, traverses the cystic duct and so passes into the 
:gall-bladder, being probably aided in this retrograde course by 
‘the peristaltic action of the ducts. The bile is discharged from 
‘the gall-bladder, and enters the duodenum on the introduction 
‘of food into the small intestines ; being pressed on by the con- 
‘traction of the coats of the gall-bladder, and probably of the 
‘common bile-duct also; for both these organs contain con- 
‘tractile fibro-cellular tissue, with which are mixed organic mus- 
‘cular fibres. Their contraction is excited by the stimulus of the 
‘food in the duodenum acting so as to produce a reflex move- 
ment, the force of which is sufficient to open the orifice of the 
common bile- duct. 

Various estimates have been made of the quantity of bile 
discharged into the intestines in twenty-four hours: the quan- 
tity doubtless varies, like that of the gastric fluid, in proportion 
to the amount of food taken. The usual estimate has been that, 
in man, the quantity of bile daily secreted is from seventeen to 
cwenty-four ounces (xi. Ist edit. p. 64); but Blondlot’s investi- 
gations make it probable that this estimate is too high. The 
quantity discharged through the fistulous opening of the gall- 
pladder in one of his dogs amounted, on the average, to twelve 
nd a half drachms in twenty-four hours. And if with Haller 
we suppose that the liver of man secretes from four to five times 
the quantity secreted by the liver of a dog, this would give 


a a a 
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from six to eight ounces as the average quantity of bile poured 
into the intestinal canal in twenty-four hours (xx. p. 61.) 

The purposes served by the secretion of bile may be considered 
to be of two principal kinds. viz. ewcrementitious and digestive.* 

As an excrementitious substance, the bile is destined espe- 
cially for the preparation of portions of carbon and hydrogen in 
order that they may be removed from the blood: and its adap- 
tation to this purpose is well illustrated by the peculiarities 
attending its secretion and disposal in the foetus. During intra- 
uterine life, the lungs and the intestinal canal are almost in- 
active: there is no respiration of open air or digestion of food ; 
these are unnecessary, because of the supply of well elaborated 
nutriment received by the vessels of the foetus at the placenta. 
The liver, during the same time, is proportionally larger than 
it is after birth, and the secretion of bile is active, although 
there is no food in the intestinal canal upon which it can ex- 
ercise any digestive property. At birth the intestinal canal is 
full of thick bile, mixed with intestinal secretion; for the me- 
conium, or feeces of the foetus is shewn, by the analyses of 
Simon (Lxxxii. vol. ii. p. 867), and of Frerich (xxii. vol. iii. p. 
314) to contain all the essential principles of bile.t In the 


* Tn birds, e. g. in the chick, during about the last three days of incubas 
tion, the liver is made bright yellow by the absorption of the yelk, which fills 
and clogs all the minute branches of the portal veins. But in time the mate- 
rials of the yelk disappear, part being developed into blood-corpuscles, which 
enter the circulation, the rest forming bile and being discharged into the in- 
testines, (KE. H. Weber, xxxiii. 1846). It is possible that, in a very early 
period of its development, blood may be thus formed in the liver of the 
mammalian embryo out of the absorbed contents of its umbilical vesicle ; but 
there is only analogy to make this probable ; and there is no evidence that any 
such blood-making function ever belongs to the liver in extra-uterine life, 
or after a placenta is developed. 

+ Analysis by Frerich :— 


Biliary resin : : : : - 156 
Cholestearine, oleine, and margarine. . 15-4 
Epithelium, mucus, pigment, and salts. we OQ) 
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foetus, therefore, the main purpose of the secretion of bile must 
be the purification of the blood by direct excretion, % ¢. by 
separation from the blood, and ejection from the body without 
further change. Probably, all the bile secreted in fcetal life is 
‘incorporated in the meconium, and with it discharged ; and 
‘thus the liver may be said to discharge a function in some 
sense vicarious of that of the lungs. For, in the foetus, nearly 
all the blood coming from the placenta passes through the liver 
|previous to its distribution to the several organs of the body ; 
jand the abstraction of carbon, hydrogen, and other elements of 
‘bile will purify it, as in extra-uterine life the separation of 
ssarbonic acid and water at the lungs does. 

This evident disposal of the foetal bile by excretion makes 
‘it highly probable that the bile in extra-uterine life is also, 
jat least for the most part, destined to be discharged as excre- 
‘ment. But the analysis of the feeces of both children and 
jadults shews that (except when rapidly discharged in purga- 
ition) they contain very little of the bile secreted, probably not 
more than one-sixteenth part of its weight, and that this por- 
ition includes only its colouring and some of its fatty matters, 
but none of its essential principle, the biline, (Berzelius xxiv., 
Gorup-Besanez, Lxxxiii. p. 51, Pettenkofer, x. 1844, p. 90). 
All the biline is again absorbed from the intestines into the blood. 
But the elementary composition of biline (see page 239) shews 
such a preponderance of carbon and hydrogen that it cannot 
be appropriated to the nutrition of the tissues; therefore, it 
may be presumed that, after absorption, the carbon and hy- 
drogen of the biline combining with oxygen are excreted in 
varbonic acid and water. The destination of the bile is, on 
this theory, essentially the same in both fetal and extra- 
uterine life ; only, in the former, it is directly excreted, in the 
satter indirectly, being, before final ejection, modified in its 
ibsorption from the intestines and mingled with the blood. 
| The change from the direct to the indirect mode of excretion 
f the bile may, with much probability, be connected with a 
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purpose in relation to the development of heat. The tempera- 
ture of the foetus is maintained by that of the parent, and needs 
no source of heat within the body of the fetus itself; but, in 
extra-uterine life, there is (as one may say) a waste of material 
for heat when any excretion is discharged unoxydised : the car- 
bon and hydrogen of the biline, therefore, instead of being 
ejected in the feces, are reabsorbed, in order that they may 
be combined with oxygen, and that in the combination heat 
may be generated. 

That ejection is the final destination of the bile, and that 
whatever other purposes it may serve are not essential to 
the maintenance of life, appear from facts mentioned by 
Blondlot (xx). He found that dogs may live in health for at 
least several months, even though the bile is prevented from 
passing into the intestines by removing a portion of the com- 
mon bile-duct, provided all the bile that is secreted can he 
discharged from the body by keeping open a fistulous commu- 
nication between the skin and the gall-bladder. It must not, 
however, be thought indifferent whether the bile be reabsorbed 
or not, provided it be ejected ; for, in experiments similar to 
those of Blondlot, Schwann (Lxxx. 1844) found that the animals 
always died with the signs of inanition ; such signs, it may be 
supposed, as would be produced by the deficiency of carbon 
and hydrogen in the blood. 

Though the chief purpose of the secretion of bile may thus 
appear to be the purification of the blood by excretion, yet 
there is reason to believe that, while it is in the intestines, it 
serves in the process of digestion. In nearly all animals 
the bile is discharged, not through an excretory duct com- 
municating with the external surface, or with a simple re- 
servoir, as most excretions are, but is made to pass into the 
intestinat canal, so as to be mingled with the chyme direetly 
after it leaves the stomach; an arrangement, the constancy of 
which clearly indicates that the bile has some important relations 
to the food with which it is thus mixed. A similar indication 
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iis furnished also by the fact that the secretion of bile is more 
sactive, and the quantity discharged into the intestines much 
jgreater, during digestion, than at any other time (Blondlot, xx. 
ip. 62).* Moreover, the bile is a very elaborated fluid, formed 
‘of materials which do not pre-exist in the same condition in the 
‘blood, and secreted by cells in a highly organised gland; in 
)which respects it resembles the higher kinds of secretions which 
sare destined to serve some important purposes in the economy, 
sand differs from those which, like carbonic acid and the urine, 
sare straightway discharged from the body. 

Respecting the nature of the influence exercised by the bile 
jin digestion, there is, however, very little at present known. 
‘It is supposed that the bile assists, in some way, in converting 
‘the chyme into chyle, and in rendering it capable of being ab- 
sorbed by the lacteals. For it has appeared in some experi- 
ments, in which the common bile-duct was tied, that, although 
‘the process of digestion in the stomach was unaffected, chyle 
‘was no longer well-formed ; the contents of the lacteals con- 


sisting of clear colourless fluid, instead of being opaque and 
white, as they ordinarily are, after feeding (Sir B. Brodie, v. 
1823, Tiedemann and Gmelin, xxix.). But similar experiments 
by Blondlot (xx.) have not yielded the same result. 

It has been held, also, that the bile has the power of trans- 
forming the saccharine principles of food into fat; and the dis- 
covery by H. Meckel (xxiii.) that, when sugar is mixed with 
bile out of the body, part of it is converted into fatty matter, 
seems to countenance this view: but the bile of Carnivora 
ean have no such office. The experiments of Gorup-Besanez 
(txxxiil.) shew that caseine and cheese itself are dissolved by 
bile, although none of the other so-called proteine compounds 
ire similarly affected. 


* This activity of secretion during digestion may, however, "be in part 
ascribed to the fact that a greater quantity of blood is sent through the portal 
vein to the liver at this time, and that this blood contains some of the m 


aterials 
of the food absorbed from the stomach and intestines. 
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The bile has a strongly antiseptic power, and may serve to 
prevent the decomposition of food during the time of its sojourn 
in the intestines. The experiments of Tiedemann and Gmelin 
shew that the contents of the intestines are much more fetid 
after the common bile-duct has been tied than at other times ; 
and it is found that the mixture of bile with a fermenting fluid 
stops or spoils the process of fermentation. 

Again, the contents of the small intestines are alkaline, 
though the chyme is acid. The bile, with the pancreatic fluid, 
and the secretion of the intestinal glands, is supposed to make 
this acid fluid alkaline, and the bile was formerly thought to do 
so by the free soda, or the carbonate or tribasic phosphate of 
soda, said to be among its inorganic constituents; but, as 
already stated (page 237), the bile is neutral, and it is more 
probable that, as Valentin suggests (iv. vol. i. p. 338), the 
chyme is made alkaline by the ammonia which is one of the 
products of the spontaneous decomposition of bile in the 
intestines. | 

The bile has also been considered to act as a kind of natural 
purgative by stimulating the intestines to the propulsion of 
their contents. This view receives support from the consti- 
pation which ordinarily exists in jaundice, from the diarrhea 
which accompanies excessive secretion of bile, and from the 
purgative properties of ox-gall. 

The above observations express nearly all that is known, 
and most of what is reasonably supposed, of the influence of the 
bile on the contents of the small intestines; but it is evident 
that there is no certainty of more than the general fact that 
some influence is exercised. Nothing is really known of the 
changes effected by the mixture of the bile with the food 
neither is anything certain respecting the changes which the 
reabsorbed portions of the bile undergo in either the intestine 
or the absorbent vessels. That they are much changed appear 
from the impossibility of detecting them in the blood ; and tha 
part of this change is effected in the liver (through which thes 
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_ portions of the reabsorbed bile must pass with all the other 
materials absorbed from the digestive canal) is probable from 
an experiment of Magendie, who found that when he in- 
jected bile into the portal vein the dog was unharmed, but 
was killed when he injected the bile into one of the systemic 
vessels. 


Changes of the Food in the large Intestines. 


The uncertainty respecting the changes that the chyme un- 
, dergoes in the small intestines is already stated. Their general 
result is that the acid chyme is made alkaline, albumen again 
appears, the fatty and oily matters are reduced to a state of 
} much more minute division, so that they make the fluid look 
almost creamy, various gases, chiefly carburets of hydrogen, 
are developed, and nearly all the nutritive materials of the 
| food, as well as of the bile and other secretions discharged into 
| the intestinal canal, are made capable of being absorbed by 
either the blood-vessels or the lacteals. The process of such 
absorption will be described hereafter: its result is that the 
}mixture of chyme and the various secretions is gradually 
| made more consistent and darker, and, at the lower end of the 
+ small intestines, contains little more than the insoluble and 
| indigestible matters, such as starch, woody fibre, horny matter, 
-epithelium-cells and mucus-corpuscles, epiderms of both vege- 
| table and animal tissues, crystals of ammonio-magnesian phos- 
| phates and other salts, the colouring and fatty matters of the 
bile, and other excrementitious substances. 

The contents of the small intestine continue to be alkaline 
) until they pass into the cecum, when they are said to become 
again acid. Different explanations have been given of this 
, acidity, and of the purposes served by it. From the abundance 
} and size of the tubular glands in the caecum it has been inferred 
| that they secrete an acid fluid somewhat similar to the gastric 
| juice, and capable of digesting those nutritive portions of food 
' which have escaped the influence of the gastrie secretion and 
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have passed unchanged through the small intestines. The fact 
that the caecum is proportionally large in all Herbivora (except 
those that hybernate), supports the inference that it is an organ 
of special digestive properties, needed for a second or supple- 
mental digestion of vegetable food. But respecting the acidity 
of the cecum, Blondlot (xvi.) states that in many herbivorous 
animals and granivorous birds, as sheep, goats, pigeons, and 
chickens, the contents of the cecum were never acid unless 
sugar in some form had been mixed with their food. He 
thinks that the acidity of the ceecum which then ensues is the 
result of that part of the starch or sugar which is not absorbed in 
the small intestines being transformed into lactic acid. 

During the passage of the food, now becoming nearly all ex- 
crement, along the large intestines, fluid continues to be absorbed, 
and the mass gradually assumes the consistence and other cha- 
racters of the fueces expelled from the intestinal canal by the 
combined action of the abdominal muscles and the muscular 
coat of the rectum. 

The length of time required for the transit of food along the 
intestinal canal is dependent on many incidental circumstances. 
But an estimate of the average rate may be formed from the 
results of experiments by Tiedemann, who found that when he 
tied the common bile-duct of dogs, the excrements did not 
appear white until two days after the operation. 

The average quantity of solid feecal matter evacuated by the 
human adult in twenty-four hours is about five ounces. And 
if we take the diet-scale of the British navy as affording a fair 
estimate of the quantity of solid food consumed by an individual 
in the same time, viz. from 31 to 353 ounces (LXxiv. p. 492), it 
will follow that from 26 to 303 ounces of solid nutriment are 
absorbed into the system daily. The remaining five ounces 
consist almost entirely of insoluble and innutritious matter. 

According to the analysis of Berzelius (xxiv. p. 268), which is 
adopted by Simon (Lxxxii. vol. ii. p. 372) human feces of con- 
sistence sufficient to forrn a coherent mass are composed of 
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Water é 75°3 
hes 0-9 
“C 
Matters soluble in water ee . Ny: : 57 
Peculiar extractive 2°7 
Salts . 12 
Insoluble residue of the food : . c ; 7:0 
Insoluble matters which are added in the intestinal canal, 
—nmucus, biliary resin, fat, and a peculiar animal matter 14:0 
102°0 


The ashes of the human feeces have been analyzed by Ender- 
lin (x. 1844) who found that 100 parts yielded 


Chloride of sodium and alkaline sulphate . . s 36% 
Tribasic phosphate of soda. - A ‘ 2-633 
Phosphate of lime and phosphate of magnesia. - 81:372 
Phosphate ofiron . ; : : : 2:091 
Sulphate of lime . : : : 5 » 4564 
Silica E : 4 - : 7-973 

100-000 


It has been already said that nothing is known respecting the 
‘functions of any of the several intestinal glands ; and it will 
snow be evident that there is nearly as complete uncertainty 
‘respecting the changes which, under the combined influence of 
jall the fluids poured into the intestines, the food undergoes 
,after digestion in the stomach and immediately previous to its 
,absorption into the blood-vessels and lacteals. The characters 
of the chyle in the lacteals will be described in the next chapter. 


Movements of the Intestines. 


It remains only to consider the manner in which the food 
sand the several secretions mingled with it are moved through 
‘the intestinal canal, so as to be slowly subjected to the influ- 
rence of fresh portions of intestinal secretion, and as slowly ex- 
)posed to the absorbent power of all the villi and blood-vessels 
of the mucous membrane. Their movement is peristaltic or 
wermicular, effected by the alternate contractions and dilata- 

M 5 
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tions of successive portions of the intestinal coats. The con- — 
tractions, which may commence at any point of the intestine, 
extend in a wave-line manner along the tube. In any given 
portion the longitudinal muscular fibres contract first, or more 
than the circular; they draw a portion of intestine upwards, 
or, as it were, backwards, over the substance to be propelled, 
and then the circular fibres of the same portion contracting in 
succession from above downward, or, as it were, from behind 
forwards, press on the substance into the portion next below, in 
which at once the same succession of actions next ensues. These 
movements take place slowly, and, in health are commonly un- 
perceived by the mind; but they are perceptible when they are 
accelerated under the influence of any irritant. 

The movements of the intestines are sometimes retrograde or 
anti-peristaltic; and there is no hindrance to the backward 
movement of the contents of the small intestines. But com- 
plete security is afforded against the passage of the contents of 
the large into the small intestines by the ileo-cacal valve, an 
apparatus in which are combined the principles of construc- 
tion observed in the valves of blood-vessels and in that of the 
pylorus. For it consists, essentially, of two wide semilunar 
folds of mucous membrane, which project from the end of the 
ileum into the cavity of the caecum, and are so placed that 
when any of the contents of the caecum are pressed back on 
them, they will first approximate their edges and then press them 
together and hold them close, like the valves of veins. But 
besides, the orifice of communication between the ileum and 
cxecum (at the borders of which orifice are these folds of mucous 
membrane) is encircled with muscular fibres, the contraction of 
which prevents the undue dilatation of the orifice. 

Proceeding from above downwards, the muscular fibres of the 
large intestine become, on the whole, stronger in direct propor- 
tion to the greater strength required for the onward-moving of 
the feeces, which are gradually becoming firmer. The greatest 
strength is in the rectum, at the termination of which a sphincter 
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muscle is placed outside the longitudinal fibres, and holds the 
orifice close by a constant slight contraction under the influ- 
ence of the spinal cord. 

The peculiar condition of the sphincter in relation to the 
nervous system will be again referred to. The rest of the intes- 
tinal canal is under the direct influence of the sympathetic or 
ganglionic system, and, indirectly or more distantly, is subject 
to the influence of the brain and spinal cord. Experimental irri- 
tation of the brain or cord produces no evident or constant effect 

on the movements of the intestines: yet in consequence of cer- 
' tain conditions of the mind, the movements are accelerated or 
retarded, and in paraplegia the intestines appear, after a time, 
/much weakened in their power, and costiveness and tympa- 
/nitis ensue. Irritation of the ganglia of the sympathetic con- 
)nected with any portion of intestine may excite contraction 
of that portion ; and, if a small portion of intestine be irritated, 
‘the consequent movement is extensive, slow, regular, and or- 
| derly, like all that ensue when an irritation, before it acts on 
muscular fibres, is conveyed to a nervous centre, such as a gan- 
| glion, and thence reflected. 


CHAPTER IX. 


ABSORPTION. 


Tue process of absorption has for one of its objects the intro- 
‘duction into the blood of fresh materials from the food and air, 
/and whatever comes into contact with the external or internal 
vsurfaces of the body; and, for another, the taking away of 

parts of the body itself, when, having fulfilled their office, or 
| for any other reason, they need to be renewed. In both these 
| offices, 7. e. in both absorption from without and absorption 
| from within, the process manifests some variety and a very 
/wide range of action; and in both it is probable that two 
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sets of vessels are, or may be, concerned, namely, the blood- 
vessels, and the lacteals or lymphatics to which the term 
absorbents has been especially applied. 

The lymphatics are distributed in nearly all the parts of the 
body that contain blood-vessels, and convey a fluid termed 
lymph ; the lacteals are confined exclusively to the intestinal 
canal, and at certain times contain the chyle. The difference 
between these two sets of vessels is more apparent than real ; 
in structure they are nearly identical ; they have a common 
trunk, the thoracic duct; and, for their contents, the chyle pro- 
bably differs from the lymph only in that it contains, besides 
the lymph derived from the walls of the intestines as from 
other parts, certain elements of food absorbed through the in- 
testinal villi, which give it a characteristic milky whiteness. 

Absorption by the lacteals has been commonly described as 
nutritive absorption, because materials for nutrition are, by its 
means, conveyed into the blood; while absorption by the lymph- 
atics has been more generally named interstitial absorption, 
and regarded merely as the means by which the several parts 
of the body are cleared of their waste and excrementitious ma- 
terials, whether during growth or in common nutritive repair. 
But it is most probable that the latter purpose is effected by 
the absorption by blood-vessels ; and that the lymphatics are 
in this again essentially similar to the lacteals, that they ab- 
sorb and elaborate organisable principles, capable of being em- 
ployed for further purposes in the economy. 


Absorption by the Lacteal Vessels. 


During the passage of the chyme along the whole tract of the 
intestinal canal, its completely digested parts are absorbed by 
the blood-vessels and lacteals distributed in the mucous mem- 
brane. The blood-vessels appear to absorb none but the dis- 
solved portions of the food, and these they imbibe without 
choice; whatever can mix with the blood passes into the ves- 
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sels, as will be presently described. But the lacteals appear to 
‘absorb only certain constituents of the food, including parti- 
‘cularly the fatty portions. The absorption by both sets of 
ivessels is carried on most actively, but not exclusively, in the 
villi of the small intestine ; for in these minute processes both 
the capillary blood-vessels and the lacteals are brought almost 
‘into contact with the intestinal contents. 

It has been already stated (p. 231)* that the villi of the 
‘small intestine are minute vascular processes of mucous mem- 
brane, each containing a delicate network of blood-vessels, and 
a network of lacteals, and usually invested by a sheath of epi- 
‘thelium. In the interspaces of the mucous membrane between 
‘the villi, as well as over all the rest of the intestinal canal, the 
lacteals and blood-vessels are also densely distributed in a close 
network (E. H.Weber, Lxxx.1847); the lacteals, however, being 
more sparingly supplied to the large than to the small intestine. 
It has long been, and is still, very difficult to explain how 
absorption by the lacteals is effected. It was supposed that 
both the lacteals and the villi were perforated at their extre- 
mities, and that the absorption took place through the orifices : 
but there are no such orifices ; the walls of the lacteals, like 
those of the blood-vessels, are everywhere complete and closed. 
From the fact that the blood-vessels in villi lie external to the 
lacteals, and hold nearly the same relation to them as in some 
secernent glands they do to the extremities of the gland-ducts, 
Valentin (iii. p. 142) was led to suggest that the chyle cannot be 
mmediately transferred from the intestine to the lacteal vessels, 
out is absorbed first hy the blood-vessels and then, as it were, se- 
sreted into the lacteals. More recent investigations have in a 
measure justified this view by making it probable that the 
abstraction of the elements of chyle from the intestj 
heir transference into the lacteals, oe effected sae Be 
strumentality of cells, which derive at least part of their 
means of subsistence from the blood-vessels of the villi. The 


* See also errata, 
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observations of Goodsir (ii. p. 4), E. H. Weber (xxx. 1847), 
and Kiiss (xxvii. No. 2, 1846) have shewn that in the 
tissue situated between the meshes of the capillary blood-ves- 
sels and the lacteals of the villi, minute cells are developed at 
each period of digestion, and that these enlarge and become | 
filled, some with opaque white contents, and others with a 
transparent oily-looking fluid (Weber). In Goodsir’s opinion, 
the cylindrical epithelium investing the villi is cast off at each 
period of digestion, and the naked villi thus come into direct 
contact with the contents of the intestine. Meanwhile the 
cells within them, as they enlarge, absorb materials from the 
surrounding chyme, which they elaborate in their interior, and 
then discharge, by their rupture or solution, either into or 
around the lacteals) But E. H. Weber believes that the epi- 
thelial cells, instead of being shed during lacteal absorption, 
are the agents by which the chyle is first taken up from the 
intestinal canal; and that from these it is transferred to the 
proper cells within the villi, by which it is finally conveyed 
into the lacteals. Kiiss seems to entertain a similar view (see 
also Gruby and Delafond, xviii. Juin, 1843). Whether or not 
the epithelium is concerned in the process of absorption, it ap- 
pears certain that the proper cells of the villi are essential to 
the elaboration of chyle and its conveyance into the lacteals; 
and from the fact that some of these cells contain an opaque, 
while others contain a transparent, fluid, it may, perhaps, be 
assumed that they possess the power of absorbing different 
materials. 

The introduction of cells, for the elaboration of the fluid pre- 
vious to its passing into the lacteals, sufficiently explains the 
power which these vessels seem to possess of selecting the 
materials to be absorbed by them. Numerous experiment 
(which will be again referred to in connection with the absorp 
tion by blood-vessels) have shewn that when various odorou 
colouring, and saline matters are introduced into the intestine 
they pass into the blood-vessels, but not in the lacteals ; thes 
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we may believe, being guarded from their entrance by the net- 
work of blood-vessels around them, and by the elaborating cells. 


Absorption by the Lymphatics. 


The vessels for the absorption of lymph are distributed in 
/nearly all parts of the body. Their existence has not yet been 
| determined in the brain and spinal cord, the bones, cartilages, 
‘dense tendons, the eye, placenta, umbilical cord, membranes of 
‘the ovum, or any of the non-vascular parts, as the nails, cu- 
\ticle, hair, and the like (xxv. 1842, p.45). But it is probable 
‘that they exist in all the other parts that have blood-vessels. 

The lymphatics Fig. 18.* 
commence either in = 
‘closely-meshed net- 
‘works, interspersed 
‘among the proper 
‘elements and blood- 
essels of the se- 
veral tissues, the 
size of the meshes 
and the width of 
the canals varying 
like those of the 
capillary blood-ves- 
sels (pl. 1, figs. 7 
and 8): or else in 
sointed closed tubes 
processes from i _—~ 
he vessels, such as 5 See LESS = 
are shewn in the 
annexed sketch of the lymph- and blood-vessels in a part of the 
ail of the tadpole. In this state many of the origins of the 
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” Fig. 18. Capillary blood-vessels and lymphaties from the tail of the tad- 
vole: shewing the origin of the lymphatics from radi 


ated cells and by poi 
jrocesses, The blood-vessels are denoted by nd by pointed 


the corpuscles they contain. 
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lymphatics communicate with pointed or star-shaped cells ; but 
this may be peculiar to the embryonic state, for no similar cells 
are seen in the adult, neither is there any appearance of the ex- 
istence of cells for the elaboration of lymph similar to those 
described in the villi. 

It has been supposed that the lymphatics at their origin and 
in the substance of absorbent glands communicate directly with 
the blood-vessels, but there is not sufficient evidence for be- 
lieving that this is ever the case in Mammalia and birds, al- 
though it may be so in Amphibia and fish (xxv. 1842, p. 45). 
In man and Mammalia, the lymphatics and blood-vessels are con-| 
nected only by the principal lymphatic trunk, the theracie duet, 
which opens into the junction of the left internal jugular and sub- 
clavian veins, and by a corresponding but smaller trunk which 
pours its contents into the corresponding part on the right side. 

The real nature of the substances absorbed by the lymphatic 
vessels, and the mode in which the absorption is effected are 
still among the Gan dia of physiology. It may, however, be 


office of the lymphatics to absorb, are, like those commonly ab- 
sorbed by the lacteals, chiefly of a nutritive kind, capable of 
higher organization and of contributing to the nutrition of the 
body. Whether these are derived exclusively from the liquor 
sanguinis effused for the nutrition of the tissues, or from the 
fluid with which the tissues are kept moist, or, in part also 
from degenerated or used portions of the tissues, cannot yet with 
certainty be determined. Parts which, having entered into thi} 
composition of a tissue, and having fulfilled their purpose, re 
quire to be removed, may not be altogether excrementitious 
but may admit of being re-organized and adapted to the nut 
tion of the same or of some lower tissue: and these may be ab 
sorbed by the lymphatics. On the whole, however, it is mos 
probable that the lymph is derived from the liquor sanguinis 
since changes in the character of the former usually correspon 
very closely with changes in the character of either the whol) — 


—, 
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‘mass of blood, or of that in the vessels of the part from which 
the lymph is examined. Thus Herbst (exxxiv.) found that 
‘the coagulability of the lymph is directly proportionate to that 
of the blood; and that when fluids are injected into the blood- 
vessels in sufficient quantity to distend them, the injected sub- 
‘stance may be almost directly afterwards found in the lymph- 
jatics. 


Properties of Chyle and Lymph. 


The fluid contained in the lacteals during fasting is clear 
‘and transperent, and differs in no respect from ordinary lymph ; 
but, during absorption from the chyme, it becomes milky, and 
vacquires the other characters of chyle. 

The whiteness and opacity of chyle is due to the presence 
of innumerable particles of oily or fatty matter, of exceedingly 
minute, though nearly uniform, size, measuring on the average 
about ssinth of an inch (Gulliver, xxviii. p. 82, note). These 
constitute what Mr. Gulliver appropriately terms the molecular 
base of chyle. Their number, and, consequently, the opacity 
of the chyle, are dependent upon the quantity of fatty matter 
contained in the food. Hence, as a rule, the chyle is whitest 
and most turbid in carnivorous animals; less so in Herbivora ; 
while in birds it is usually transparent. The fatty nature of 
the molecules is made manifest by their solubility in ether, 
and, when the ether evaporates, by their being deposited in vari- 
ous-sized drops of oil.* Yet, since they do not run together 
ind form a larger drop, as particles of oil would, it appears very 
orobable that each molecule consists of oil coated over with 
albumen, in the manner in which, as Ascherson (izEx: 1840) 
observed, oil always becomes covered when set free in minute 
drops in an albuminous solution. And this view is supported 
vy the fact that when water or dilute acetic acid is added to 


* Some of the molecules may remain undissolved by the ether ; but this 
:ppears to be due to their being defended from the action of ihe oes b 
yeing entangled within the albumen which it coagulates i 
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chyle, many of the molecules are lost sight of, and oil-drops 
appear in their place, as if the investments of the molecules 
had heen dissolved, and their oily contents had run together. 

Except these molecules, the chyle taken from the villi, or 
from lacteals near them, contains no other solid or organized i 
bodies. The fluid in which the molecules float is albuminous, — 
and does not spontaneously coagulate, though coagulable by 
the addition of ether. But as the chyle passes on towards 
the thoracic duct, and especially while it traverses one or 
more of the mesenteric glands (propelled by forces which 
will be described with the structure of the vessels), it is’ 
elaborated. The quantity of molecules and oily particles gra- 
duaily diminishes; cells, to which the name of chyle-cor- 
puscles is given, are developed in it; and, by the develop- | 
ment of fibrine, it acquires the property of coagulating spon- 
taneously. The higher in the thoracic duct the chyle 
advances, the more is it, in all these respects, developed, the. 
greater is the number of chyle-corpuscles, and the larger and 
firmer is the clot which forms in it when withdrawn and le 
at rest. Such a clot is like one of blood, without the red eor- 
puscles ; having the chyle-corpuscles entangled in it, and the 
fatty matter forming a white creamy film on the surface of the 
serum. But the clot of chyle is softer and moister than that of 
blood. Like blood, also, the chyle often remains for a long 
time in its vessels without coagulating, but coagulates rapidly 
on being removed from them (Bouisson, xix. 1844). The exist: 
ence of fibrine in it is, therefore, certain ; its increase appe 
to be commensurate with that of the corpuscles; and like 
them it is not absorbed as such from the chyme (for no fibrin 
exists in the chyle in the villi), but is gradually elaborat 
out of thealbumen which chyle, in its earliest condition, contain 

The structure of these chyle-corpuscles was described wh 
speaking of the white or rudimentary corpuscles of the bloo 
with which they are identical (see pp. 50 and 67). Theij 
mode of origin is obscure. It is possible that they are formec 


ABSORPTION. 259 


as has been supposed, by an aggregation of some of the parti- 
cles composing the molecular base of chyle ; but such particles 
do not exist in lymph, in which, however, abundant corpuscles 
identical with those of chyle-corpuscles are found. 


Lymph, wnder ordinary circumstances, is clear, transpa- 
vent, and colourless, or of a pale yellow tint, It is devoid of 
smell, is slightly alkaline like chyle, and has a saline taste. 
As seen with the microscope in the small transparent vessels 
of the tail of the tadpole, the lymph usually contains no cor- 
ouseles or particles of any kind, and it is probably only in the 
sarger trunks in which, by a process similar to that described in 
the chyle, the lymph is more elaborated, that any corpuscles 
are formed. These corpuscles are already described; they are 
similar to those in the chyle, but less numerous, The fluid in 
which the corpuscles float is commonly, and in health, albu- 
minous, and contains no fatty particles or molecular base; but 
s liable to variations according to the general state of the blood, 
snd that of the organ from which the lymph is derived. As it 
dvances towards the thoracic duct, and passes through the 
ymphatic glands, it becomes, like chyle, spontaneously coagu- 
able from the formation of fibrine. 

From what has been said it will appear that perfect chyle 
nd lymph are, in essential characters, nearly similar, and 
carcely differ except in the preponderance of fatty matter in 
ne chyle. The comparative analysis of the two fluids obtained 
rom the lacteals and the lymphatics of a donkey, is thus given 
y Dr. Owen Rees (1xxi. Jan. 1841.) 


Chyle. Lymph. 


Water 5 3 - - 90°237 96°536 
Albumen F 3 A i 3°516 1:200 
Fibrine - ci - é : 0370 0120 
Animal extractive ‘ ; ‘ 1565 1°559 
Fatty matter . : : - 38'601 a trace. 
Salts ‘ . r 4 0-711 0°585 


100:000 100-000 


———_ 
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The analyses of Nasse afford an estimate of the relative com- | 
positions of the lymph, chyle, and blood, of the horse.* 
Lymph. Chyle. Blood. 


Water . “ . ae goue 935° 810° 
Corpuscles ; 5 4 92°8 
Albumen } . 39°11 31° 80° 
Fibrine 0°75 2°8 
Extractive matter . 5 4°88 6°25 5:2 
Fatty matter . : 0°09 15° 1°55 
Alkaline salts. 5 : 561 if 6:7 
Phosphate of lime and magnesia, 2 0°31 i 0°95 
oxyde of iron, &c. ° 
1000: 1000: 1000- 


The contents of the thoracic duct, including both the lymph 
and chyle mixed in an executed criminal, were examined by 
Dr. Rees, who found them to consist of 90°48 per cent of water, 
7:08 of albumen and fibrine, 0°108 of extractive, 0°92 of fatty, 
and 0°44 of saline matter. 

From all these analyses of lymph and chyle, it appears that 
they contain essentially the same constituents as are found in 
the blood, viz. albumen, fibrine, and fatty matter, the same 
saline substances, and iron. Their composition differs from 
that of the blood in degree rather than in kind; they contain a 
less proportion of all the substances dissolved in the water (see 
Nasse’s analysis, just quoted) and much less fibrine. The 
fibrine of lymph, besides being less in quantity, appears to 
be in a less elaborated state than that of the blood, coagulating 
less rapidly and less firmly. These differences gradually dimi- 
nish, while the lymph and chyle, passing towards and through 
the thoracic duct, gradually approach the place at which they 
are to be mingled with the blood. For, in the thoracic duet, 

© The analysis of the blood differs rather widely from that given at page 
53-4 ; but though it be erroneous, it is probable that corresponding erro 
exist in the analysis of the lymph and chyle, and that therefore the tables i 
the text may represent accurately enough the relation in which the three 
fluids stand to each other. 
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besides the higher and more abundant development of the 
fibrine, the lymph and chyle-corpuscles are found more ad- 
vanced towards their development into red blood-corpuscles ; 
sometimes even that development is completed, and the lymph 
has a pinkish tinge from the number of red blood-corpuscles 
that it contains. 

The general result, therefore, of both the microscopic and the 
chemical examinations of the lymph and chyle, demonstrate 
that they are rudimental blood ; their fluid part being like the 
liquor sanguinis diluted, but gradually becoming more concen- 
crated ; and their corpuscles being in process of development 
mto red blood-corpuscles. Thus, in quality, the lymph and 
chyle are adapted to replenish the blood; and their quantity, 
30 far as it can be estimated, appears ample. In one of Ma- 
gendie’s experiments half an ounce of chyle was collected, in 
ive minutes, from the thoracie duct of a middle-sized dog; 
Collard de Martigny obtained nine grains of lymph, in ten 
minutes, from the thoracic duct of a rabbit which had taken no 
ood for twenty-four hours; and Geiger from three to five 
sounds of lymph daily from the foot of a horse, from whom 
she same quantity had been flowing several years without in- 
ury to the health. Bidder (Lxxx. 1845) has found, on opening 
he thoracic duct in cats, immediately after death, that the 
aingled lymph and chyle continued to flow from one to six 
ainutes ; and from the quantity thus obtained he estimated 
hat if the contents of the thoracie duct continued to move at 
he same rate, the quantity which would pass into a cat’s blood 
a twenty-four hours would be equal to about one-sixth of the 
yeight of the whole body. And, since the estimated weight 
f the blood in cats is to the weight of their bodies as L25°7; 
he quantity of lymph daily traversing the thoracic duct would 
ppear to be about equal to the quantity of blood at any time 
ontained in the animals. By another series of experiments, 
sidder estimated that the quantity of lymph traversing the 
noracie duct of a dog in twenty-four hours, 


is about equal to 
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two-thirds of the blood in the body. If we take these estimates, 
it will not follow from them that the whole of an animal’s 
blood is daily replaced by the development of lymph and chyle ; 
for even if the quantity of lymph and chyle daily formed be 
equal to that of the blood, the solid contents of the blood will 
be much too great to be replaced by those of the lymph and 
chyle. According to Nasse’s analysis (p. 260), the solid 
matters of a given quantity of blood could not be replaced out 
of less than three or four times the quantity of lymph and chyle, 


Office of the Lacteal and Lymphatic Vessels and Glands. 


The lacteal and lymphatic vessels serve not only to contain 
but to move the chyle and lymph. In structure they are very 
like veins; having, according to KoOlliker, an external coat of 
fibro-cellular tissue, with elastic filaments: within this, a thin 
layer of fibro-cellular tissue, with organic muscular fibres, which 
have, principally, a circular direction, and are much more abun- 
dant in the small than in the larger vessels; and again, within 
this an inner elastic layer of longitudinal fibres, and a lining of 
epithelium ; and numerous valves. The valves, constructed like }} 
those of veins, and with their free edges turned towards the || 
heart, are usually arranged in pairs, and, in the small vessels, |} 
are so closely placed, that when the vessels are full the valves |} 
constricting them, where their edges are attached, give them aj} 
peculiar braided or knotted appearance (fig. 20, p. 266; andj) 
ph i, fig. 7): 

With the help of the valvular mechanism, all occasional }} 
pressure on the exterior of the lymphatic and lacteal vessels pro- 
pels the lymph towards the heart: thus muscular and othe 
external pressure accelerates the flow of the lymph as it does that 
of the blood in the veins (see p. 132). The actions of the mus-}j 
cular fibres of the small intestines thus seem to assist in prope 
ling the chyle: for, in the small intestine of a mouse, Poiseuill 
saw the chyle moving with intermittent propulsions that appear 
ed to correspond with the peristaltic movements of the intestine 


| 


= 


— 
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But, for the general propulsion of the lymph and chyle, it is 
probable that the chief force is derived from the contractility of 
the vessel’s own walls. Kolliker, after watching the lymphatics 
in the transparent tail of the tadpole, states that no distinct 
movements of their walls can ever be seen, but that as they are 
emptied after death they gradually contract, and then, after 
some time, again dilate to their former size, exactly as the small 
arteries do under the like circumstances (xxxi. 1846, p. 99). 
Thus, also, the larger vessels in the human subject commonly 
empty themselves after death; so that, although absorption is 
probably usually going on just before the time of death, it is 
not common to see the lymphatic or lacteal vessels full. It is 
most probable that this independent contraction of the vessels 
oecurs during life, and that it consists, not in peristaltic or 
andulatory movements, but in an uniform contraction of the 
successive portions of the vessels, by which pressure is steadily 
exercised upon their contents, and which alternates with their 
relaxation. 

In reptiles and some birds, an Fig. 19.* 

mportant auxiliary to the move- 
ment of the lymph and chyle is 
supplied in certain muscular sacs, 
aamed lymph-hearts (fig.19). The 
,umber and position of these organs 
vary. In frogs and toads there are 
isually four, two anterior and two 
osterior; in the frog the posterior 
ymph-heart on each side is situated 
a the ischiadic region just beneath 


| * Fig. 19. Lymphatic heart (9 lines long, 4 lines broad,) of a large 
vecies of serpent, the Python bivittatus, after E. Weber. 4. The external 
pllular coat. 5, The thick muscular coat. Four muscular columns run across 
3 cavity, which communicates with three lymph 


; 3 atics (1,—only one is here 
en), with two veins (2, 2). 


na - : 6. The smooth lining membrane of the 
vity. 7. A small appendage, or auricle, the cavity of which is i 
ith that of the rest of the organ. ii 
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the skin ; the anterior lies deeper, just over the transverse pro- 
cess of the third vertebra. Into each of these cavities several 
lymphatics open: the orifices of the vessels being guarded by 
valves, which prevent the retrograde passage of the lymph. 
From each heart a single vein proceeds and conveys the lymph 
directly into the venous system. In the frog the inferior lym- 
phatic heart, on each side, pours its lymph into a branch of the 
ischiadic vein; by the superior, the lymph is forced into a 
branch of the jugular vein, which issues from its anterior sur- 
face, and which becomes turgid each time that the sac con-} 
tracts. Blood is prevented from passing from the vein into 
the lymphatic heart by a valve at its orifice. 


The muscular coat of these hearts is of variable thickness: 
in some cases it can only be discovered by means of the micro- 
scope; but in every case it is composed of transversely striated 
fibres. The contraction of the hearts are rythmical, occurring!} 
about sixty times in a minute, slowly, and, in comparison with 
those of the blood-hearts, feebly. The pulsations of the cervie 
pair are not always synchronous with those of the pair 1 
the ischiadic region, and even the corresponding sacs of opposite 
sides are not always synchronous in their action (Miiller xxxii}} 
p:2938)-* 

Unlike the contractions of the blood-heart, those of the lymph}) 
heart are directly dependent upon a certain limited portion of thi} 
spinal cord. For Volkman (Lxxx. 1844) found that so long a 
the portion of spinal cord corresponding to the third vertebra 0} 
the frog was uninjured, the cervical pair of lymphatic heart 
continued pulsating, after all the rest of the spinal cord any) 
the brain was destroyed; while destruction of this portion, eve 
though all other parts of the nervous centres were uninjurec 
instantly arrested the heart’s movements. The posterior 
ischiadic pair of lymph-hearts were found to be governed, in li 
manner, by the portion of spinal cord corresponding to the eigh 


* See also on the whole subject Stannius, Lxxx. 1843; Panizza, LXX 
1834, p. 300; E. Weber, txxx. 1835, p. 535, and Valentin xxxiy. Bd. i, 29}, 
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-yertebra. Division of the posterior spinal roots did not arrest 
the movements ; but division of the anterior roots caused them 
to cease at once. 


The Glands placed on the lacteal and lymphatic vessels con- 
sist essentially of plexuses of the vessels; but, together with 
the vessels, most of them contain corpuscles, by the action of 
which, after the plan of gland-cells, it is probable that the lymph 
‘or chyle is modified, and its development assisted. 

Each gland has an investing capsule of cellular tissue, from 
which prolongations dip into its substance forming partitions. 
Into each gland two or three vessels enter, which are named 
‘afferent vessels ; as they enter, their coats are thinned, their ex- 
ternal coat separating and becoming continuous with the capsule 
of the gland (Goodsir, ii. p. 44). Thus, having only their 
internal coat and epithelium, they pass into the gland, and 
therein subdividing, running tortuously, variously dilated and 
anastomosing, they form a plexus. The vessels of the plexus, 
converging and uniting, form two or more efferent vessels, which 
are rather larger than the afferent ones, and issuing from the 
tlands receive again their external coat, and proceed on their 
way towards the thoracic duct. No lymphatic or lacteal joins 
he thoracie duct without thus passing through one or more 
uch glands. 

Capillary blood-vessels are abundantly distributed between 
r, perhaps, more properly, upon the walls of, the lymph-vessels 
1 the glands; so that the blood is here brought into as close 
elation with the lymph or chyle, as, in a secreting gland, it is 
rith the ducts and their contents (fig. 20). Moreover, either 
rithin the lymph-vessels (as Goodsir thinks), or between 
}jxem, grouped in cells like the acini of secreting glands, or 
1e sacculi of Peyer’s glands, there are, in all the more perfect 
‘mphatic glands, abundant minute corpuscles, nuclei, or cyto- 
asts. These (which have been often named lymph-cor 
id confounded with those properly so teh ake tee 


N 
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scribed) are spheroidal, or disk-shaped, pellucid particles, about 
soso Of an inch or less in diameter, of simple structure, but having 
two or three minute, dark particles like nucleoliin them. They 
are very like the corpuscles of the thymus and 
thyroid glands, which will be hereafter described. 

The fact that in fish and Amphibia mere plex- 
uses of lymphatics occupy the places of the 
lymphatic glands of the warm-blooded classes, 
may indicate that some mechanical and chief 
purpose is served by the glands as plexuses ; but 
no such purpose can be discerned. 

The close proximity between the blood-vessels 
and the lymphatics in the glands has been 
thought to be provided in order that some of the 
constituents of the blood may be added to the 
lymph ; and the increase of fibrine in the lymph 
and chyle, after they have traversed glands, has 
been thus explained. But this may be as well 
explained by the spontaneous development of 
the two fluids; and, on the whole, it appears 
most probable that the glandular office of these 
organs is performed by the instrumentality 0 
the dotted corpuscles. These, judging from 
what appears to be the office of corresponding 
corpuscles in the secreting glands and gland 
without ducts, may be supposed to derive, frov 
the blood in the capillaries of the lymphatic glands, material} } 
which they elaborate as they grow, and which when elaborate 
are discharged into the lymphatic vessels, as, in a secreting glan( 
the elaborated contents of the gland-cells are discharged into tl 


gland-ducts. 


Fig. 20.* 


* Fig. 20, A lymphatic gland from the axilla, with its afferent 
efferent vessels, injected with mercury. After Bendz (Lxxix). 
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Absorption by the Blood-vessels. 


The process thus named is that which has been commonly 
ealled absorption by the veins; but the term here employed 
seems preferable, since, though the materials absorbed are com- 
monly found in the veins, this is only because they are carried 
into them with the circulating blood, after being absorbed by 
all the blood-vessels (but chiefly by the capillaries) with which 
they were placed in contact. There is nothing in the mode of 
absorption by blood-vessels, or in the structure of veins, which 
can make them more active than arteries of the same size, or 
so active as the capillaries, in the process. 

In the absorption by the lymphatics or lacteal vessels just 
described, there appears something like the exercise of choice 
in the materials admitted into them ; for the chyle and lymph 
have a nearly constant composition, and we must admit, as an 
hypothesis, either that these vessels are so constructed that 
only certain materials, capable of being assimilated to their 
proper contents, can traverse their walls, or else that the materials 
yom which the perfect chyle and lymph are to be developed 
ire secreted into the lacteals and lymphatics from the adja- 
sent blood-vessels. In either hypothesis we assume something 
which brings the absorption by lacteals and lymphaties into 
he category of vital processes. But the absorption by blood- 
_jvessels presents no such appearance of selection of materials ; 
ather, it appears, that every substance, whether gaseous, li- 
uid, or a soluble or minutely divided solid, may be absorbed 
y the blood-vessels, provided it is capable of permeating their 
valls, and of mixing with the blood; and that of all such sub- 
tances the mode and measure of absorption are determined 
lely by their physical properties and conditions, and by those 
‘the blood and the walls of the blood-veggels, 

While the question was being discussed whether absorption 
|| ising the term generally) were effected by the lymphatics or 
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the veins, many experiments were performed to demonstrate 
the fact of absorption by the blood-vessels, which may be 
quoted, not only as evidence for that fact, but in illustration 
of the difference between the absorption by lymphatics and 
that by blood-vessels, in regard to the materials they severally 
receive and convey into the circulation. 

Various odorous and saline matters taken with the food, or 
injected into the intestines of an animal, are soon found in the 
blood of the vena portze, or other blood-vessels, or in the urine, 
but are not found in the chyle; or, if found there, not till they 
may have passed into the lacteals from their blood-vessels. This 
is shewn by numerous experiments, especially by those of Tiede- 
mann and Gmelin, and Panizza. The substances used in the 
experiments were ferrocyanate of potash, sulphate of potash, 
several salts of lead, iron, and other metals, indigo, madder, 
rhubarb, camphor, musk, alcohol, turpentine, &c. Mayer (xcvie 
t. iii, p. 485), also, when he injected ferrocyanate of potash 
into the lungs, found it in the left side of the heart sooner 
than in the right ; shewing that it had taken the course of the 
blood, not of the lymph, which would have carried it to the 
right side of the heart first. All these substances, therefore, 
appear to be absorbed by blood-vessels exclusively. 

Again, if any of these substances be included within a por- 
tion of an animal’s intestine tied at both ends, and if all the 
vessels of that portion of the intestine be cut away, except its 
artery and vein, the substances, being absorbed, will be found 
in the blood of the vein; but, if the main arteries and veins 
be tied, and the lacteals left entire, the same substances will 
not be found in them. So, with poisons, such as opium and 
strychnia, in the experiments of Magendie (exxxiii. p. 314) and] 
Segalas (Lxii. t. ii. p. 117). | When one of these poisons was 
put into a piece of intestine, of which the lacteals were tied)> 
but the blood-vessels were free, poisoning took place within si 
minutes after returning the intestine into the abdomen ; but 
if the vein or veins of the piece of intestine were tied, so as t 
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stop the circulation of blood, the effects of the poison were 
‘delayed for an hour or more, though the lacteals were free to 
-absorb and carry it to the blood. The numerous experiments, 
proving that poisons are not absorbed, or only very slowly, 
‘after insertion into the hinder extremities of animals in whom 
the aorta or vena cava inferior is tied, tend to the same con- 
clusion, that these are among the substances not absorbed by 
the lymphatic or lacteal vessels, but absorbed without choice 
by the blood- vessels. 

It is probably a general truth that, in parts which are sup- 
plied with both blood-vessels and lymphatics, the lymphatics 
| (or lacteals for the intestines) absorb only such materials as 
will form lymph and chyle for the replenishing of the blood, 
while the blood-vessels absorb all other materials, and such 
substances as are accidentally brought into contact with them. 
But in parts which receive only blood-vessels, such as the brain 
and spinal cord, the eye and placenta, and probably most of 
vhe bones, cartilages, and fibrous tissues, the blood-vessels alone 
}must perform the whole function of absorption, as they do in 
jche invertebrate animals. 

The absorption by blood-vessels is the consequence of their 
jvalls being, like all other tissues of the body, porous and ca- 
jvable of imbibing fluids, and of the blood being so composed 
hat most fluids will mingle with it. The process of absorp- 
jion, in an instructive though very imperfect degree, may be 
| bserved in any portion of vascular tissue removed from the 
ody. If such an one be placed in a vessel of water, it will 
Jnortly swell, and become heavier and moister, through the 
uantity of water imbibed or soaked into it; and if, now, the 
|.ood contained in any of its vessels be let out, it will be found 
| luted with water, which has been absorbed by the blood- 
essels and mingled with the blood. The water round the 
| ece of tissue, also, will become blood-stained ; and, if all be 
»pt at perfect rest, the stain derived from the solution of the 
louring matter of the blood (together with w 


hich chemistry 
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would detect some of the albumen and other parts of the liquor 
sanguinis) will spread more widely every day. The same will 
happen if the piece of tissue be placed in a saline solution in- 
stead of water, or in a solution of colouring or odorous matter, 
either of which will give their tinge or smell to the blood, and 
receive in exchange the colour of the blood. 

Even so simple an experiment will illustrate the absorption 
by blood-vessels during life: the process it shews is imitated, 
but with these differences ; that, during life, as soon as water 
or any other substance is admitted into the blood, it is carried 
from the place at which it was absorbed into the general current 
of the circulation; and that the colouring matter of the blood 
is not dissolved so as to ooze out of the blood-vessels into the 
fluid which they are absorbing. The absorption of gases by the 
blood may be as simply imitated. If venous blood be suspended 
in a moist bladder in the air, its surface will be reddened by the 
contact of oxygen, which is first dissolved in the fluid that 
moistens the bladder, and is then carried in that fluid to the 
surface of the blood ; while, on the other hand, watery vapour 
and carbonic acid will pass through the membrane and be 
exhaled into the air. 

In all these cases, alike, there is a mutual interchange between 
the substances; while the blood is receiving water it is giving 
out its colouring matter and other constituents : or, while it is 
receiving oxygen it is giving out carbonic acid and water ; so 
that, at the end of the experiment, the two substances employed 
in it are mixed; and if, instead of a piece of tissue, one had 
taken a single blood-vessel full of blood, and placed it in water, 
both blood and water would, after a time, have been found both 
inside and outside the vessel. 

It is perhaps to be regretted that the phenomena just de 
scribed should have received the names of Hndosmosis and Ba- 
osmosis ; since the use of such terms may seem to imply that 
peculiar properties and forces are engaged in a process which 
really appears to be due only to the power which porous sub- 
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| stances have of absorbing liquids by capillary attraction, and to 
' the force with which liquids or gases brought into contact tend 
to mix with one another. If, in the case supposed of a blood- 
_ vessel filled with blood and placed in water, one were to deter- 
| mine accurately the quantity of water that passed to the blood 
and that of blood that passed to the water, he would find the 
former always greater than the latter. And so with other sub- 
stances; it would almost always happen that if the two fluids 
placed on opposite sides of a membrane were of different densi- 
ties or specific gravities, a larger quantity of the less dense fluid 
would pass into the more dense, than of the latter into the 
former. M. Dutrochet, who made the earliest and best scientific 
investigation of this subject, having used in his experiments an 
apparatus in which it was most convenient to allow 
the less dense fluids to pass into the more dense, 
employed the term Hndosmosis to express the in- 
ward current, and Lxosmosis for the outward one; 
and these terms, though they imply only the direc- 
tion in which one or other of the two mixing fluids 
‘may happen to move in an experiment, are now 
vused, the first as the name of the more rapid, the 
‘second as that of the less rapid, stream. The in- 
strument employed by M. Dutrochet was named 
an Endosmometer (fig. 21). It may consist of a 
graduated tube expanded into a bell at one end, 
over which a portion of membrane may be tied. 
If, now, the bell be filled with a fluid of much 
density, such as a strong solution of salt, and be 
immersed in one of less density, as water, the water 
will endosmose or pass into the solution, more ra- 
pidly than the solution will exosmose or pass out ; 
but if the water were put in the bell and the saline solution 
outside, the directions of the currents would be reversed, and 
the names falsified ; but the fact would remain the same, that 
the less dense would pass in a more rapid current than the 


Fig. 21. 
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more dense, till the two fluids were equally mixed on both 
sides of the membrane. 

Although the instrument may have suggested inappropriate 
names, it is convenient both for experiment and to refer to in 
explanation of the process of the absorption of fluids by blood- 
vessels ; for, as in the endosmometer we have a cavity filled 
with one fluid and separated by an organized membrane from 
another fluid, so, in the blood-vessels we have the blood sepa- 
rated by the organized walls of the vessels from whatever fluid 
or other substance may be placed in contact with their ex- 
ternal surface; and the absorption by the blood-vessels is | 
coarsely imitated by the fluid passing into the endosmometer 
more rapidly than that which it contains passes out. 

The following explanation of the process is borrowed and 
adapted from that given by the Reverend J. Power (cxtiil, 
1835), which appears as sufficient as any general account of a 
process so various in its details can be. 

Suppose two fluids brought into contact by their surfaces, 
without any intervening substance ; if they are such fluids as 
will mix together, we may call the force with which they will 
tend to mix, the force of mixture. But, if one of two such fluids 
capable of mixing, instead of being brought into complete and 
plain contact with the other, were soaked in a membrane or any 
animal tissue, and in this state presented to the contact, the 
mixture would still take place, only now a part of the process 
of mixing would take place in the pores of the membrane. 
These pores of the membrane may be represented as capillary 
tubes traversing its thickness; and for illustration we may take 
the case of a single such pore or tube. Let it then be supposed|| 
that two miscible fluids (say alcohol and water, a and w, fig. 22) 
are separated by a membranous partition ¢ d, of which ef 
represents a single pore; and suppose the two fluids brought 
at the same instant into contact with the opposite surfaces of the 
membrane. ‘The forces that will act upon them are the capil- 
lary attraction of the pores and their tendency to mix together, 
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The capillary pore ef (which may singly represent what all 
_ the rest will do) may attract both alcohol and water, as a capil- 
| lary glass tube would ; and it depends on the substance compos- 
ing the membrane which of the fluids would be most attracted, 
| If the membrane were caoutchouc it Fig. 22. 
would most attract the alcohol ; if it 
| were an animal membrane its capillary 
| attraction would be more powerful for 
| the water. Suppose, however, that it 
| were such a membrane as exercised 
| equal capillary attraction for both 
| fluids, they would then both be drawn 
| with equal force, and at the same time, 
jinto the pores of the membrane, and 
they would meet midway in its sub- 
stance. Thus in each such capillary 
jtube as e f, particles, like small co- 
jlumns, of alcohol and water would 
}2ome into contact. The force of capillary attraction remaining 
jequal for both, neither of them could, under the influence of this 
oree, make further progress ; for neither could move without 
lisplacing the other, and both are held in their places by equal 
jorce. But they may mix within the pores in which they are 
|n contact; and thus mixing, particles of each would gradually 
} ass through the membrane to the larger mass of the other. In 
uch a case the interchange would be equal ; 


or the mixing of liquids similar to that fo 
ases, 


for there is no law 
r the diffusion of 


But such a case as is here supposed w 
| N; since there are, perhaps, few membra 
xactly equal capillary attraction for two 
8, therefore, next Suppose the partition ¢ 
‘embrane, which wil] attract water more tl] 
rst contact of the membrane with the two 
jole that both will enter the pores at their 


ould very rarely hap- 
nes whose pores haye 
different fluids. Let 
d, to be an animal 
1an alcohol. At the 
fluids it is imagin- 
Opposite ends: but, 
N 5 
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presently, the water will displace the alcohol, and will fill the pores ; 
the pores will, for an instant, contain water alone, and the whole 
surface of the membrane next to the alcohol will present particles 
of water to its contact. Here therefore the water will tend to 
mix with the alcohol, and provided the tendency to mix, or force 
of mixture, be as great as the difference between the capillary at- 
tractions of the membrane for the two fluids, the water will be 
carried into the alcohol as fast as it is brought to it, and thus a 
stream of water will set through the pores towards the alcohol; 
for as often as the water is taken from the end, f, of the pore, so 
often will the capillary attraction of that end of the pore draw 
on more water frome. It is shewn by Mr. Power that, pro- 
vided the fluids have a tendency to mix, the force with which 
the one the pores have most attraction for will be carried into 
the other, is equal to the difference of the forces with which the 
two would be respectively drawn into capillary tubes of the dia- 
meter of ¢ /, and indefinitely prolonged. 

Thus then the more rapid current is carried through the mem- 
brane with a double force, that of the capillary attraction of the 
pores, and that of the tendency to mix. The other, 7. e. the 
alcohol in the case supposed, has no capillary attraction by the 
membrane in its favour, but passes through the membrane by 
mixing with the water in its pores and then with the mass of 
water on the other side. For as we supposed the water to mix 
with and pass off into the alcoho! at f, so will particles of the 
alcohol at that point enter the pore and without coming into con-}} 
tact with its walls (whose superior attraction for water keeps it 
alone in contact with them), will gradually traverse it. Thus 
may we suppose the pores filled with particles of alcohol andj} 
water traversing it in both directions; the water passing in & 
stream or column through each pore, the alcohol going through, 
as it were against the tide, in separate molecules. 

Mr. Power has shewn that the foree with which, on his theory 
the endosmotie current would pass through the membrane, woule 
be as great as is manifested in some of the experiments of Duj} 
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trochet and others, in which the fluid was raised against a pres- 
sure equal to that of 43 atmospheres, or nearly seventy pounds 
on the square inch. The force of capillary attraction is inversely 
proportionate to the diameter of the capillary tube; and must 
be almost incalculably great in tubes so immeasurably minute 
as are the pores of the animal tissues. 

It seems better to give this explanation of the process rather 
than enter into the perplexing details of the numerous experi- 
ments lately performed on this subject by Matteucci, and others 
whose names are subjoined, with the references to the papers 
which the student may consult.* It is quite impossible at 
_ present to reduce the facts they record into any general state- 
_ ments; yet they are not more various or inexplicable than 
/ might be expected, while we are wholly ignorant of the size 
and structure of the pores in the several tissues, of the respec- 
tive degrees of capillary attraction which those of each tissue 
_ exercise on each of the several fluids that may be presented to 
_ them, of the effects of the interposition of several layers of dif- 
ferent tissues, and of an incalculable variety of other conditions 
of living organs and fluids, which are not imitable in any ex- 
periments. It will be sufficient to mention some facts observed 
in the absorption by blood-vessels which are explicable by what 
has been said, or by what experiments on the permeation of 
membranes have shewn. 

Much depends on the facility with which the substance to 
be absorbed can penetrate the membrane or tissue which Lies 
between it and the blood-vessels ; for, naturally, the blood- 
vessels are not bare to absorb. Thus absorption will hardly 
take place through epidermis, but is quick when the epidermis 
is removed, and the same vessels are covered with only the 
surface of the cutis or granulations. In general the absorption 
through membranes is in an inverse proportion to the thickness 
of their epithelia; so Miiller found the urinary bladder of a 


* Matteucci (extiv.), Liebig (extv.), Jolly (xxxiii. 1848, p. 83), and 
Vogel (cxtviii). i 


276 ABSORPTION. 


frog traversed in less than a second; and the absorption of — 
poisons by the stomach or lungs, appears sometimes accom- 
plished in an immeasurably small time. 

The substance to be absorbed must, as a general rule, be in 
the liquid or gaseous state, or if a solid, must be soluble in 
the fluids with which it is brought in contact. Hence, the 
marks of tattooing, and the discoloration produced by nitrate 
of silver taken internally remain. Mercury may be absorbed 
even in the metallic state, and in that state may pass into and 
remain in the blood-vessels, or be deposited from them (Oester- 
len, viii. Feb. 1844); and such substances as exceedingly finely- 
divided charcoal, when taken into the alimentary canal, have 
been found in the mesenteric veins (Oesterlen, ix. 1847, p. 56); 
the insoluble materials of ointments may also be rubbed into the 
blood-vessels; but there are no facts to determine how these 
various substances effect their passage. Oil, minutely divided, 
as in an emulsion, will pass slowly into blood-vessels, as it will 
through a filter moistened with water (Vogel). 

The Jess dense the fluid to be absorbed, the more speedy, as 
a general rule, is its absorption by the blood-vessels. Hence 
the rapid absorption of water from the stomach, and of weak 
saline solutions ; but with strong solutions there appears less 
absorption into, than effusion from, the blood-vessels. 

The absorption is the less rapid the fuller and tenser the 
blood-vessels are, and the tension may be so great as to hinder 
altogether the entrance of more fluid. Thus, Magendie found 
that when he injected water into a dog’s veins to repletion, 
poison was absorbed very slowly ; but when he diminished the 
tension of the vessels by bleeding, the poison acted quickly. 
So, when cupping glasses are placed over a poisoned wound, they 
retard the absorption of the poison, not only by diminishing the 
velocity of the circulation in the part, but by filling all its ves- 
sels too full to admit more. On the same ground, absorption 
is the quicker the more rapid the circulation of the blood is; 
not because the fluid to be absorbed is more quickly imbibed 
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_ into the tissues, or mingled with the blood, but because as fast 
as it enters the blood it is carried away from the part, and the 
blood being constantly renewed, is constantly as fit as at the 
first for the reception of the substance to be absorbed. 


CHAPTER X. 


NUTRITION AND GROWTH. 


Nutrition or nutritive assimilation is that modification of the 
formative process peculiar to living bodies (p. 31), by which tissues 
vand organs already formed maintain their integrity. By the in- 
‘corporation of fresh nutritive principles into their substance, the 
loss consequent on the waste and natural decay of the com- 
ponent particles of the tissues is repaired ; and each elementary 
particle seems to have the power not only of attracting materials 
from the blood, but of causing them to assume its structure, 
and participate in its vital properties. Thus, apparently from 
similar materials, nerves form nervous substance, muscles mus- 
cular substance, and even morbid structures have the assimi- 
lating power. 

The differences hetween development, growth, and simple 
nutrition or maintenance, have been already stated (p. 32); 
ander the head of Nurririon will be now considered the pro- 
cess by which parts are maintained in the same general condi- 
tions of form, size, and composition, which they have alr 
by development and growth, attained; and en ae 
standing, but rather by means of, continual changes in their 
a ‘ae It is by this process that an adult per- 
son, in health, is maintained , £ 
with the pve ee i ; rine a eae: 

ures, the same size and 
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form, and, perhaps, even the same weight ; although, during all 
this time, the several portions of his body are continually 
changing: their particles decaying and being removed, and then 
replaced by the formation of new ones, which, in their turn, 
also, die and pass away. Neither is it only a general similarity 
of the whole body which is thus maintained. Every organ and 
part of the body, as much as the whole, exactly maintains its 
form and composition, in the issue of the changes continually 
taking place among its particles. 

The change of component particles, in which the nutrition of 
organs consists, is most evidently shewn when, in growth, they 
maintain their form and other general characters, but increase 
in size. When, for example, a long bone increases in cireum- 
ference, and in’ the thickness of its walls, while, at the same 
time, its medullary cavity enlarges, it can only be by the ad- 
dition of materials to its exterior, and a coincident removal 
of them from the interior of its wall ; and so it must be with 
the growth of even the minutest portions of a tissue. And that 
a similar change of particles takes place, even while parts retain 
a perfect uniformity, may be proved, if it can be shewn that all 
the parts of the body are subject to waste and impairment. 

In many parts the removal of particles is evident. Thus, 
as will be shewn when speaking of secretion, the elemen- 
tary structures composing glands are the parts of which the 
secretions are composed: each gland is constantly casting off its 
cells or their contents in the secretion which it forms: yet, each 
gland maintains its size and proper composition, because for 
every cell cast off a new one is produced. So, also, the epider- 
mis and all such tissues are maintained. In the muscles it seems 
nearly certain that each act of contraction is accompanied with 
a change in the composition of the contracting tissue. Thence, 
the development of heat in acting muscles (p. 186), and thence, 
the increased discharge of urea, carbonic acid and water—the 
ordinary products of the decomposition of the animal tissues— 
which always follows active muscular exercise. Indeed, the 


NUTRITION AND GROWTH. 279 


_ researches of Helmholtz almost demonstrate the chemical change 
that muscles undergo after long-repeated contractions (Lxxx. 
1845): yet the muscles retain their structure and composition, 

_ because the particles thus changed are replaced by new ones 

like what they were before the change. So, again, the increase 

of alkaline phosphates discharged with the urine after great 
mental exertion, seems to prove that the various acts of the 
nervous systeni are attended with change in the composi- 

' tion of the nervous tissue ; yet the condition of that tissue is 

/ maintained. In short, for every tissue there is sufficient evi- 

' dence of impairment in the discharge of its functions: without 

) such change the production or resistance of physical force is 

hardly conceivable : and the proof as well as the purpose of the 

‘nutritive process appears in the repair, or replacement, of the 

changed particles, so that, notwithstanding its losses, each tissue 

is maintained unchanged. 

But besides the impairment and change of composition to 
)which all parts are subject in the discharge of their natural 
‘functions, an amount of impairment which will be in direct 
| proportion to their activity, they are all liable to decay and de- 
generation of their particles, even while their natural actions 
sare not called forth. It may be proved, as Dr. Carpenter first 
clearly shewed, (cxxxi. p. 623,) that every particle of the 
body is formed for a certain period of existence in the ordi- 
nary conditions of active life ; at the end of which period, if 
not previously destroyed by outward force or exercise, it dege- 
nerates and is absorbed, or dies and is cast out. 

The simplest examples that can be adduced of this are in the 
hair and teeth; and it may be observed that in the process 
which will now be described, all the great features of the pro- 
cess of nutrition seem to be represented.* 

An eyelash which naturally falls, or which can be drawn 


‘ ; 
These and other instances are related in more det 


ail in Mr. Paget's Le 
aT ral F 2 
tures at the College of Surgeons on : 


Nutrition, Hypertrophy 
. J phy and Atroph 
(Lxxi. vol. xxxix), of which the principal part of this chapter is an oeen 
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out without pain, is one that has lived its natural time, and has 
died, and been separated from the living parts. In its bulb 
such an one will be found different from those that are still 
living in any period of their age. In the early period of the 
growth of a dark eyelash, the medullary substance appears like 
an interior cylinder of darker granular substance, continued down 
to the deepest part, where the hair enlarges to form the bulb. 
This enlargement, which 
is of nearly cup-like form, 
appears to depend on the 
accumulation of nucleated 
cells, whose nuclei, accord- 
ing to their position, are, 
either by narrowing and 
elongation, to form the 
fibrous substance of the 
outer part of the growing 
and further protruding 
hair, or are to be trans- 
formed into the granular 
matter of its medullary 
portion. At the time of 
early and most active 
growth, all the cells and 
nuclei contain abundant 
pigment-matter, and the 
whole bulb looks nearly 


* Fig. 23. Intended to represent the changes undergone by a hair towards 
the close of its period of existence. At a its activity of growth is diminish- 
ing, as shewn by the small quantity of pigment contained in the cells of the 
pulp, and by the interrupted line of dark medullary substance. At B pr 
vision is being made for the formation of a new hair, by the growth of a new 
pulp connected with the pulp or capsule of the old hair. c. A hair at the end 
of its period of life, deprived of its sheath and of the mass of cells composing 
the pulp of a living hair. 
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black. The sources of the material out of which the cells form 
themselves are, at least, two; the inner surface of the sheath, 
or capsule, which dips into the skin, enveloping the hair, and 
the surface of a vascular pulp, which fits in a conical cavity 
in the bottom of the hair-bulb. 

Such is the state of parts so long as the growing hair is all 
‘dark, But as the hair approaches the end of its existence, 
instead of the almost sudden enlargement at its bulb, it only 
‘swells a little, and then tapers nearly to a point; the conical 
cavity in its base is contracted ; and the cells produced on the 
inner surface of the capsule contain no pigment. Still, for some 
time it continues thus to live and grow; and the vigour of the 
pulp lasts rather longer than that of the sheath or capsule, for 
it continues to produce pigment-matter for the medullary sub- 
stance of the hair after the cortical substance has become white. 
Thus, the column of dark medullary substance appears paler 
and more slender, and perhaps interrupted, down to the point 
of the conical pulp, which, though smaller, is still distinct, be- 
sause of the pigment-cells covering its surface, 

At length the pulp can be no longer discerned, and uncolour- 
d cells alone are produced, and maintain the latest growth of 
he hair. With these it appears to grow yet some further dis- 
} ance, for traces of the elongation of their nuclei into fibres ap- 
ear in lines running from the inner surface of the capsule in- 
vards and along the surface of the hair; and the column of 
ark medullary substance ceases at some distance above the 
ywer end of the contracted hair-bulb. The end of all is the 
omplete closure of the conical cavity in which the hair-pulp 
ras lodged, the cessation of the production of new cells from 
ie inner surface of the capsule, and the detachment of the hair 
yhich, as a dead part, is separated and falls. 

Such is the life of a hair, and such its death ; which death 

spontaneous, independent of exercise, or of any mechanical 


sternal foree—the natural termination of a certain period of life 
et, before the hair dies, proy 


ision is made for its successor ; 
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for when its growth is failing, there appears just below its base _ 
a dark spot, the germ or young pulp of the new hair covered 
with cells containing pigment, and often connected by a series 
of pigment-cells with the old pulp or capsule (fig. 23, B). 

Probably there is an intimate analogy between the process of 
successive life and death, and life communicated to a successor, 
which is here shewn, and that which constitutes the ordinary 
nutrition of a part. It may be objected that the death and 
casting out of the hair cannot be imitated in internal parts; 
therefore, for an example in which the assumed absorption 
the worn-out or degenerate internal particles is imitated in 
larger organs at the end of their appointed period of life, the in- 
stance of the deciduous or milk-teeth may be adduced. 

Each milk-tooth is developed from its germ, and, in the course 
of its own development, separates a portion of itself to be the 
germ of its successor; and each, 
having reached its perfection, re- 
tains for a time its perfect state, 
and still lives, though it does 
not grow. But at length, as the 
new tooth comes, the deciduous 
tooth dies; or rather, its crown 
dies, and is cast out like the dead | 
hair, while its fang, with its 
bony sheathing, and vascularand 
nervous pulp, degenerates, andis 
absorbed (Fig. 24). The dege- 
neration is accompanied by some 
unknown spontaneous decomposition of the fang, for it could 
not be absorbed unless it was first so changed as to be soluble. 
And it is degeneration, not death, which precedes its removal ; 
for when a tooth-fang dies, as that of the second tooth doe 


Fig. 24.* 


* Fig. 24. Section of portion of the upper jaw of a child, shewing a ne 
tooth in process of formation, the fang of the corresponding deciduous t00 


being absorbed. 
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‘in old age, then it is not absorbed, but is cast out entire, as 
a dead part. 

Such, or generally such, it seems almost certain, is the pro- 
cess of maintenance by nutrition; the hair and teeth may be 
fairly taken as types of what occurs in other parts, for they are 
parts of complex organic structure and composition, and the 
teeth-pulps, which are absorbed as well as the fangs, are very 
wascular and sensitive. 

Nor are they the only instances that might be adduced. The 
like development, persistence for a time in the perfect state, 
death, and discharge appear in all the varieties of cuticles and 
sland-cells ; and in the epidermis, as in the teeth, there is evi- 
dence of decomposition of the old cells, in the fact of the differ- 
ent influence which acetic acid and potash exercise on them and 
m the younger cells. Seeing then that the process of nutrition 
s thus displayed both in active organs, and in elementary cells, 
\ppears, in these respects similar, the general conclusion may be 
hat, in nutrition, the ordinary course of each complete element- 
ry organ in the body, after the attainment of its perfect state 
y development and growth, is, to remain in that state for a 
ime; then, independently of the death or decay of the whole 
ody, and, in some measure, independently of its own exercise, 
r exposure to external violence, to die or to degenerate; and 
ien, being cast out or absorbed, to make way for its successor. 

It appears, moreover, that the length of life which each part 
; to enjoy is fixed and determinate, though, in some degree, 
ubject to accidents and to the expenditure of life in exercise. 
¢ is not likely that all parts are made to last a certain and 
jual time, and then all need to be changed. The bones, for 
astance, when once completely formed, must last longer than 
ie muscles and other softer tissues. But, when we see that the 
fe of certain parts is of determined length, whether they be used 
¢ not, we may assume, from analogy, the same of nearly all. 
. e deciduous teeth of all other ani- 
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mals ; and in all the numerous instances of moulting, shedding 
of antlers, of desquamation, change of plumage in birds, and of 
hair in Mammalia, the only explanation is that these organs 
have their severally appointed times of living, at the ends of 
which they degenerate, die, are cast away, and in due time 
are replaced by others, which, in their turn, are to be de 
veloped to perfection, to live their life in the mature state, 
and in their turn, to be cast off. So also, in some element- 
ary structures we may discern the same laws of determina 
period of life, death, or degeneration, and replacement. They) 
are evident in the history of the blood-corpuscles, both in the 
superseding of the first set of them by the second at a definit 
period in the life of the embryo, and in the replacement of thos 
that degenerate by others new-formed from lymph-corpusele 
(see pp. 64-70). And if we could suppose the blood-corpusele 
grouped together in a tissue instead of floating, we might havi 
in the changes they present an image of the nutrition of thi 
elements of the tissues. 

The duration of life in each particle is, however, liable to b 
modified; especially by the exercise of the function of the part|| 
The less a part is exercised the longer do its component parti 
cles appear to live; the more active its functions are, the les) 
prolonged is the existence of its individual particles. So in th 
case of single cells; if the general development of the tadpole bj) 
retarded by keeping it in a cold dark place, and if hereby thi) 
function of the blood-corpuscles be slowly and imperfectly dis) 
charged, they will maintain their embryonic state for eve|) 
several weeks later than usual, the development of the secon 
set of corpuscles will be proportionally postponed, and the it), 
dividual life of the corpuscles of the first set will be, by th 
same time, prolonged. 

Such being the modes in which the necessity for the proces 
of nutritive maintenance is created, such the sources of impal 
ment and waste of the tissues, the next consideration may bj 
the manner in which the perfect state of a part is maintaine 
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by the insertion of new particles in the place of those that are 
absorbed or cast off. 

The process by which a new particle is formed in the place of 
the old one is probably always a process of development ; that 
is, the cell or fibre, or other element of tissue, passes, in its form- 
ation, through the same stages of development as those elements 
of the same tissue did which were first formed in the embryo. 
This is probable from the analogy of the hair, the teeth, the 
epidermis, and all the tissues that can be observed ; in all, the 
process of repair or replacement is effected through development 
of the new parts. The existence of nuclei or cytoblasts in near- 
y all parts that are the seats of active nutrition makes the 
same probable. For these nuclei, such as are seen so abundant 
n strong, active muscles, are not remnants of the embryonic 
sissue, but germs or organs of power for new formation, and 
vheir abundance often appears directly proportionate to the ac- 
ivity of growth. Thus, they are always abundant in the fetal 
issues, and those of the young animal; and they are peculiarly 
qumerous in the muscles and the brain, and their disappearance 
rom a part in which they usually exist is a sure accompani- 
nent and sign of degeneration. 

A difference may be drawn between what may be called 
utritive reproduction and nutritive repetition. The former is 
hewn in the case of the human teeth. As the deciduous tooth 
s being developed, a part of its productive capsule is detached, 
nd serves as a germ for the formation of the second tooth ; in 
}\ hich second tooth, therefore, the first may be said to be repro- 
uced, in the same sense as that in which we speak of the 
rgans by which new individuals are formed, as the reproduc- 
ve organs. But in the shark’s jaws, and others, in which we 
re TOW after row of teeth succeeding each other, the row be- 
ind is not formed of germs derived from the row before: th 
ont row is simply repeated in the second one, 
iird, and so on. 


€ 
. the second in the 
So, in cuticle, the deepest layer of epidermis- 


ells derives no germs from the layer above them ; their deve- 
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lopment is not like a reproduction of the cells that have gone 
on towards the surface before them: it is only a repetition. So, 
as already pointed out, the blood is maintained by constant re- 
petition of the process of the development of new corpuscles, new 
fibrine, and other materials from the lymph and chyle; the new 
corpuscles being not derived through germs separated from old 
ones. It is not improbable that much of the difference in the 
degrees of repair of which the several tissues are capable after 
injuries or diseases, may be connected with these differences in 
their ordinary mode of nutrition. 

In order that the process of nutrition may be perfectly ac- 
complished certain conditions are necessary. Of these the most 
important are: Ist. A right state and composition of the blood, 
from which the materials for nutrition are derived. 2. A regu 
lar and not far distant supply of such blood. 3. A certain in- 
fluence of the nervous system. 4. A natural state of the p 
to be nourished. 

1. This right condition of the blood does not necessarily imply 
its accordance with any known standard of composition commor 
to all kinds of healthy blood, but rather the existence of a cer|} 
tain adaptation between the blood and the tissues, and even thi}. 
several portions of each tissue, Such an adaptation, peculiar ti 
each individual, is determined in its first formation, and is main 
tained in the concurrent development and increase of both blooi 
and tissues; and upon its maintenance in adult life appears t 
depend the continuance of a healthy process of nutrition, or 4 
least the preservation of that exact sameness of the whole bod 
and its parts which constitutes the perfection of nutrition. Som 
notice of the maintenance of this sameness in the blood has bee 
given already (p. 71), in speaking of the power of assimilatio 
which the blood exercises, a power exactly comparable wit 
this of maintenance by nutrition in the tissues. And eviden 
of the adaptation between the blood and the tissues, and of tl) | 
exceeding fineness of the adjustment by which it is maintaine 
is afforded by the phenomena of symmetrical diseases, in whi 
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in consequence of some morbid condition of the blood, a change 
of structure affects in an exactly similar way the precisely cor- 
responding parts on the two sides of the body, and no other parts 
of even the same tissue.* These phenomena can only be ex- 
plained on the assumption, 1st, of the complete and peculiar 
identity in composition in the corresponding parts of opposite 
sides of the body, and, 2ndly, of so precise and complete an 
adaptation between the blood and the several parts of each tissue 
that a morbid material being present in the blood may destroy 
ts fitness for the nutrition of one or two portions of any tissue, 
such as the skin or the bones, without affecting its fitness for the 
naintenance of other portions of the same tissue. But if the 
slood can be fit for the maintenance of one part, and unfit for 
he maintenance of another part, of what appears by every other 
est that we can apply the very same tissue, how precise must 
hat adaptation of the blood to the whole body be, by which in 
ealth it is always capable of maintaining not only the whole 
umber of different organs and tissues, but all the different 
arts of every one of them. 

2. The necessity of an adequate supply of appropriate blood 
20r near the part to be nourished, in order that its nutrition 
ay be perfect, is shewn in the frequent examples of atrophy of 
urts to which too little blood is sent, of mortification or arrested 
itrition when the supply of blood is entirely cut off, and of de- 
stive nutrition when the blood is stagnant in a part. That 
e nutrition of a part may be perfect, it is also necessary that 
e blood should be brought sufficiently near to it for the elements 
the tissue to imbibe, through the walls of the blood-vessels, the 
itritive materials which they require. The blood-vessels 
emselves take no share in the process of nutrition except as 
criers of the nutritive matter. Therefore, provided they come 
near that this nutritive matter may pass by imbibition into 


* For examples and illustrations of symmetrical dise 
the subject published by Dr. William Budd and 
a volume of the Medico-Chirurgical Ty 


ases see two papers 


Mr. Paget, in the twenty- 
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the part to be nourished, it is comparatively immaterial whether 
they ramify within the substance of the tissue, or are distributed 
only on its surface or border. 

The blood-vessels serve alike for the nutrition of the vascular 
and the non-vascular parts, the difference between which, in 
regard to nutrition is less than it may seem (see p. 123). For 
the vascular, the nutritive fluid is carried in streams into the 
interior ; for the non-vascular, it flows on the surface; but in 
both alike, the parts themselves imbibe the fluid; and though 
the passage through the walls of the blood-vessels may effect 
some change in the materials, yet all the process of formation is, 
in both alike, outside the vessels. Thus in muscular tissue, the 
fibrils in the very centre of the fibre nourish themselves; yet 
these are distant from all blood-vessels, and can only by imbi- 
bation receive their nutriment. So, in bones, the spaces between 
the blood-vessels are wider than in muscle ; yet the parts in the 
meshes nourish themselves, imbibing materials from the nearest 
source. The non-vascular epidermis, though no vessels pass into 
its substance, yet imbibes nutritive matter from the vessels of 
the immediately subjacent cutis, and maintains itself, and grows. 
The instances of the cornea and vitreous humour are stronger, 
yet similar; and, sometimes, even the same tissue is in one case 
vascular, in the other not,—as the osseous tissue, which, when 
it is in masses or thick layers, has blood-vessels running into it; 
but when it is in thin layers, as in the lachrymal and turbi- 
nated bones, has not. These bones subsist on the blood flowing 
in the minute vessels of the mucous membrane, from which the 
epithelium derives nutriment on one side, the bone on the other, 
and the tissue of the membrane itself on every side: a striking 
instance how out of the same materials many tissues maintain 
themselves, each exercising its peculiar assimilative and self- 
formative power. 

8. The third condition said to be essential to healthy nutri- 
is a certain influence of the nervous system. 

It has been held that the nervous system cannot be essential 
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to a healthy course of nutrition, because in plants and the early 
embryo, and in the lowest animals in which no nervous system 
is developed, nutrition goes on without it. But this is no proof 
that in animals which have a nervous system nutrition may be 
independent of it; rather it may be assumed that in ascending 
development, as one system after another is added or increased, 
so the highest (and highest of all the nervous system), will 
always be inserted and blended in a more and more intimate 
relation with all the rest: according to the general law, that 
the interdependence of parts augments with their development. 
The reasonableness of this assumption is proved by many 
facts shewing the influence of the nervous system on nutrition, 
and by the most striking of these facts being observed in the 
higher animals, and especially in man. The influence of the 
mind in the production, aggravation, and cure of organic diseases 
is matter of daily observation, and a sufficient proof of influence 
exercised on nutrition through the nervous system. 
Independently of mental influence, injuries, either to portions 
of the nervous centres, or to individual nerves, are frequently fol- 
lowed by defective nutrition of the parts supplied by the injured 
nerves, or deriving their nervous influence from the damaged 
portions of the nervous centres. Thus, lesions of the spinal 
cord are sometimes followed by mortification of portions of the 
paralysed parts; and this may take place very quickly, as in 
a case by Sir B.C. Brodie (evi. p. 309), in which the ancle 
sloughed within twenty-four hours after an injury of the spine. 
After such lesions, also, the repair of injuries in the paralysed 
parts may take place less completely than in others; so, Mr. 
Travers mentions a case in which paraplegia was produced by 
fracture of the lumbar vertebre, and, in the same accident, 
the humerus and tibia were fractured. The former in due time 
united ; the latter did not (xevili. p. 436). The same fact was 
illustrated by some experiments of Dr. Baly, in which having, 
in salamanders, cut off the end of the tail, and then thrust 
a thin wire some distance up the spinal canal, so as to destroy 
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the cord, he found that the end of the tail was reproduced more 
slowly than in other salamanders in whom the spinal cord was 
left uninjured above the point at which the tail was ampu- 
tated (xxxii. p. 396). Tlustrations of the same kind are fur- 
nished by the several cases in which division or destruction of 
the trunk of the trigeminal nerve has been followed by in- 
complete and morbid nutrition of the corresponding side of the 
face ; ulceration of the cornea being not unfrequently one of the 
consequences of such imperfect nutrition.* Part of the wasting 
and slow degeneration of tissue in paralysed limbs is probably 
referable, also, to the withdrawal of nervous influence from 
them ; though, perhaps, more is due to the want of use of the 
tissues, 

Undue irritation of the trunks of nerves, as well as their 
division or destruction, is sometimes followed by defective or 
morbid nutrition. To this may be referred the cases in which 
ulceration of the parts supplied by the irritated nerves occurs 
frequently, and continues so long as the irritation lasts (see 
LXxi. vol. xxxix. p. 1022). Further evidence of the influence 
of the nervous system upon nutrition is furnished by those 
cases in which, from mental anguish, or in severe neuralgic 
headaches, the hair becomes grey very quickly, or even in a few 
hours. And to all these may, perhaps, be added the facts that 
where any particular nerves have been deficient, the parts cor- 
responding to them have likewise always been absent; and 
where any organ is wanting, there is generally a corresponding 
absence of the nerves. Tiedemann (xcix. vol. i. p. 76) relates 
three cases of absence of the olfactory nerves coincident with an 
imperforate state of the cribriform plate of the ethmoid bone and 
cleft palate. Absence of the eyes is also attended with absence 
of their nerves. 

So many and various facts leave little doubt that the nervous 

* See the particulars of such a case by Mr. Stanley (xxi. vol. i. p. 531), 
and the cases by Mr. Dixon in the twenty-eighth volume of the Medico- 
Chirurgical Transactions. 
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system exercises an influence over nutrition as over other organic 
processes; and they cannot be explained by supposing that the 
changes in the nutritive processes are only due to variations in 
the size of the blood-vessels supplying the affected parts. 

The question remains, through what class of nerves is the in- 
fluence exerted? When defective nutrition occurs in parts ren- 
dered inactive by injury of the motor nerves alone, as in the 
muscles and other tissues of a paralyzed face or limb, it may 
appear as if the atrophy were the direct consequence of the loss 
of power in the motor nerves; but it is more probable that the 
atrophy is the consequence of the want of exercise of the parts ; 
for if the muscles be exercised by artificial irritation of their 
nerves, their nutrition will be less defective (J.Reid). The de- 
fect of the nutritive process which ensues in the face and other 
parts, in consequence of destruction of the trigeminal nerve, 
must be referred more directly to the loss of influence exercised 
through sensitive or sympathetic nerves ; for the motor nerves 
of the face and eye, as well as the olfactory and optic, have no 
share in the defective nutrition which follows injury of the tri- 
geminal nerve; and one or all of them may be destroyed 
without any direct disturbance of the nutrition of the parts 
they severally supply. 

The direct influence exercised by the sensitive and sympathe- 
tie nerves over the process of nutrition, thus proved in the case 
of the trigeminal nerve, is probably only an example of what is 
generally true. A similar influence is shewn in the cases in 
which sloughing of parts from injury or disease of the spinal cord 
has ensued earlier and more extensively when sensation, than 
when motion alone, was lost ;* and in other cases in which the 
wasting of a paralysed limb is, after a certain time, more 
marked when both sensation and motion are impaired than 
when the power of motion alone is interfered with. 

It is not at present possible to say whether the influence on 

* See a case of this kind, recorded by Mr. Curling, in the twentieth 
volume of the Medico-Chirurgical Transactions. 
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nutrition is exercised through the sensitive or through the 
sympathetic nerves which, in the parts on which the observa- 
tion has been made, are generally combined in the same sheath: 
The truth perhaps is, that it may be exerted through either 
or both of these nerves. The defect of nutrition which ensues 
after lesion of the spinal cord alone, the sympathetic nerves 
being uninjured, and the general atrophy which sometimes 
occurs in consequence of diseases of the brain, seem to prove the 
influence of the cerebro-spinal system; while the observation 
of Magendie and Longet that destructive disease of the eye 
ensues more quickly after division of the trigeminal nerve in 
front of the Casserian ganglion, where it is joined by the sym- 
pathetic fibres which pass with it to the eye, than when the 
division is made between the ganglion and the brain, seems to 
prove the influence of the sympathetic more than of the sensi- 
tive nerves. 

4. The fourth condition necessary to healthy nutrition is a 
healthy state of the part to be nourished. This seems proved 
by the very nature of the process, which consists in the formation 
of new parts like those already existing; for unless the latter 
are healthy the former cannot be so. Whatever be the condition 
of a part, it is apt to be perpetuated by assimilating exactiy to 
itself, and endowing with all its peculiarities, the new particles 
which it forms to replace those that degenerate. So long as a part 
is healthy, and the other conditions of healthy nutrition exist, it 
maintains its healthy condition. But, according to the same law, 
if the structure of a part be diseased, or in any way altered from 
its natural condition, the alteration is maintained; the altered, 
like the healthy, structure is perpetuated. The same exactness 
of the assimilation of the new parts to the old, which is seen in 
the nutrition of the healthy tissues, may be observed, also, in 
those that are formed in disease. By it, the exact form and 
relative size of a cicatrix are preserved from year to year; by 
it, the thickening and induration to which inflammation gives 
rise are kept up, and the various morbid states of the blood in 
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struma, syphilis, and other chronic diseases are maintained, 
notwithstanding all diversities of diet. By this precision of the 
assimilative process may be explained the law that certain 
diseases occur only once in the same person, and that certain 
others are apt to recur frequently; because in both cases alike, 
the alteration produced by the first attack of the disease is 
maintained by the exact likeness which the new parts bear to 
the old ones. 

The period, however, during which an alteration of structure 
may be exactly maintained by nutrition, is not unlimited; for 
in nearly all altered parts there appears to exist a tendency to 
recover the perfect state ; and, in many cases, this state is, in 
time, attained. To this we may attribute the possibility of re- 
vaccination after the lapse of some years; the occasional recur- 
rence of small-pox, scarlet-fever, and the like diseases, in the 
same person ; the wearing out of scars, and the complete resto- 
ration of tissues that have been altered by injury or disease. 

Such are some of the more important conditions which appear 
to be essential to healthy nutrition. Absence or defect of any 
one of them is liable to be followed by disarrangement of the 
process ; and the various diseases resulting from defective nu- 
trition appear to be due to the failure of these conditions, more 
often than to imperfection of the process itself. 


GROWTH. 


Growth, as has been already observed (page 32), consists in 
the increase of a part in bulk and weight by the addition to its 
substance of particles similar to its own, but more than suffi- 
cient to replace those which it loses by the waste or natural 
decay of its tissue. The structure and composition of the part 
remains the same, but the increase of healthy tissue which it 
receives is attended with the capability of discharging a larger 
amount of its ordinary function. 
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While development is in progress, growth and it frequently 
go on together in the same part, as in the formation of the 
various organs and tissues of the embryo in which, parts, while 
they grow larger, are also gradually more developed until they 
attain their perfect state. But, commonly, growth continues 
after development is completed, and, in some parts, continues 
even after the full stature of the body is attained, and after 
nearly every portion of it has gained its perfect state in both 
size and composition. 

Thus the heart, in healthy men, according to Dr. Clendin- 
ning’s examinations (Lxxi. vol. xxii. p. 450), ceases to grow 
only with the cessation of life. And, in certain conditions, this 
continuance, or a renewal, of growth may be observed in nearly 
every part of the body. When parts have attained the full 
size which in the ordinary process of growth they reach, and 
are then kept in a moderate exercise of their functions, they 
commonly (as already stated), retain almost exactly the same 
dimensions through the adult period of life. But when, from 
any cause, a part already full-grown in proportion to the rest of 
the body, is called upon to discharge an unusual amount of its 
ordinary function, the demand is met by a corresponding in- 
crease or growth of the part. [Illustrations of this are afforded 
by the increased thickening of cuticle at parts where it is sub- 
jected to an unusual degree of occasional pressure or friction, as 
in the palms of the hands of persons employed in rough manual 
labour; by the enlargement and increased hardness of muscles 
that are largely exercised; and by many other facts of a like 
kind. The increased power of nutrition put forth in such 
growth is greater than might be supposed; for the imme- 
diate effect of increased exercise of a part must be a greater 
using of its tissue, and might be expected to entail a permanent 
thinning or diminution of the substance of the part. But the 
energy with which fresh particles are formed is sufficient not 
only to replace completely those that are worn away, but to 
cause an increase in the substance of the part—the amount of 
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this increase being proportioned to the more than usual degree 
in which its functions are exercised. 

The growth of a part from undue exercise of its functions is 
always, in itself, a healthy process; and the increased size 
which results from it must be distinguished from the various 
kinds of enlargement to which the same part may be subject 
from disease. In the former case, the enlargement is due to an 
increased quantity of healthy tissue, providing more than the 
previous power to meet a particular emergency ; the other may 
be the result of a deposit of morbid material within the na- 
tural structure of the part, diminishing, instead of augmenting, 
its fitness for its office. Such a healthy process of growth in 
a part attended with increased power and activity of its 
function may, however, occur as the consequence of disease in 
some other part; in which case it is commonly called Hyper- 
trophy, i.e. excess of nutrition. The most familiar examples 
of this ave in the increased thickness and robustness of the 
muscular walls of the cavities of the heart in cases of continued 
obstruction to the circulation ; and in the increased development 
of the muscular coat of the urinary bladder when, from any 
eause, the free discharge of urine from it is interfered with. 
In both these cases, though the origin of the growth is the con- 
sequence of disease, yet the growth itself is natural, and its end 
is the benefit of the economy ; it is only common growth renew- 
ed or exercised in a part which had attained its size in due 
proportion to the rest of the body. 

It may be further mentioned, in relation to the physiology 
of this subject, that, when the increase of function, which is 
requisite in the cases from which hypertrophy results, cannot 
be efficiently discharged by mere increase of the ordinary tissue 
of the part, the development of a new and higher kind of tissue 
is frequently combined with this growth. An example of 
this is furnished by the uterus, in the walls of which, when it 
becomes enlarged by pregnancy, or by the growth of fibrous 
tumours, organic muscular fibres, not found in its quiescent 
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state, are developed, and provide for the expulsion of the foetus 
or the foreign body. Other examples of the same are fur- 
nished by cases in which, from obstruction to the discharge of 
their contents, and a consequently increased necessity for pro- 
pulsive power, the coats of reservoirs and of ducts become the 
seat of the development of organic muscular fibres, which either 
did not exist in them before, or were in very small quantity. 
Such development of muscular fibres has been seen in the thick- 
ened coats of the gall-bladder and in those of the ureter (Tour- 
tual, Lxxx. 1842). 

Respecting the mode and conditions of the process of growth, 
it needs only to be said, that its mode seems to differ only in de- 
gree from that of common maintenance of a part; more particles 
are removed from, and many more added to, a growing tissue, 
than one which only maintains itself. But so far as can be 
ascertained, the mode of removal, the disposition of the removed 
parts, and the insertion of the new particles, are as in simple 
maintenance. The conditions also of growth are the same as 
those of common nutrition, and are equally or more necessary to 
its occurrence. When they are very favourable or in excess, 
growth may occur in the place of common nutrition. Thus hair 
may grow profusely in the neighbourhood of old ulcers, in conse- 
quence, apparently, of the excessive supply of blood to the 
hair-bulbs and pulps; bones may increase in length when dis- 
ease brings much blood to them; cocks’ spurs transplanted from 
their legs into their combs grow to an unnatural length; and, 
in the case of double organs, such as the kidneys, when one is 
destroyed, the other grows to a large size, apparently in conse- 
quence of the excess of urea which for a time exists in the blood, 
and which supplies one of the materials from which the mate- 
rials of the kidney-cells are formed. 


CHAPTER XI. 
SECRETION. 


SECRETION is the process by which materials are separated 
from the blood, and from the organs in which they are formed, 
for the purpose either of serving some ulterior office in the eco- 
nomy, or of being discharged from the body as excrement. In 
the former case, both the separated materials and the processes 
for their separation are termed secretions; in the latter, they 
are named excretions. 

Most of the secretions consist of substances which, probably, 
do not pre-exist in the same form in the blood, but require spe- 
cial organs and a process of elaboration for their formation, e. g. 
the liver for the formation of bile, the mammary gland for the 
formation of milk. The excretions, on the other hand, commonly 
or chiefly consist of substances which, as urea, carbonic acid, and 
probably uric acid, exist ready-formed in the blood, and are 
merely abstracted therefrom. If from any cause, such as exten- 
sive disease or extirpation of an excretory organ, the separation 
of an excretion is prevented, and an accumulation of it in the 
blood ensues, it frequently escapes through other organs and 
may be detected in various fluids of the body. But this is never 
the case with secretions; at least with those that are most 
elaborated ; for, after the removal of the special organs by which 
any of them is elaborated, it is no longer formed. Cases some- 
times occur in which the secretion continues to be formed by the 
natural organ, but, not being able to escape towards the exterior, 
on account of some obstruction, is re-absorbed into the blood, 
and afterwards discharged from it by exudation in other ways ; 
but these are not instances of true vicarious secretion, and must 
not be thus regarded. 
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These circumstances, and their final destination are, however, 
the only particulars in which secretions and excretions can be 
distinguished ; for in general the structure of the parts engaged 
in eliminating excretions, ¢. g. the kidneys, is as complex as 
that of the parts concerned in the formation of secretions. And 
since the differences of the two processes of separation, corre- 
sponding with those in the several purposes and destinations of 
the fluids, are not yet ascertained, it will be sufficient to speak 
in general terms of the process of separation or secretion. 


Every secreting apparatus possesses, as essential parts of its 
structure, a simple and apparently textureless membrane, 
named the primary or basement-membrane ; certain cells ; and 
blood-vessels. These three structural elements are arranged 
together in various ways; but all the varieties may be classed 
under one or other of two principal divisions, namely, mem- 
branes and glands. 


SECRETING MEMBRANES. 


The principal secreting membranes are the serous and syno- 
vial membranes, the mucous membranes, and the skin.* 

The serous membranes are formed of fibro-cellular tissue inter- 
woven so as to constitute a membrane, the free surface of which 
is covered with a single layer of flattened cells forming, in most 
instances, a simple tesselated epithelium. Between the epithe- 
lium and the subjacent layer of fibro-cellular tissue is situated 
the primary or basement-membrane (Bowman, Lxxiii., Art. 
Mucous Membrane. Goodsir, ii. p. 41). 

In relation to the process of secretion the layer of fibro-cellu- 
lar tissue serves as a ground-work for the ramification of blood- 
vessels, lymphatics, and nerves.t But it is absent in some in- 


* The skin will be described in Chapter XIII. 
‘+ For an account of the nerves of serous membranes, see Purkinje (Lxxx. 
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stances, as in the arachnoid covering the dura mater, and in the 
interior of the ventricles of the brain. The primary membrane 
and epithelium are always present, and are concerned in the 
formation of the fluid by which the free surface of the membrane 
is moistened. 

The serous membranes are of two principal kinds: Ist. Those 
which line visceral cavities, ¢. g. the peritoneum, pericardium, 
pleure, arachnoid, and tunice vaginales. 2nd, The synovial 
membranes lining the joints, and the sheaths of tendons and 
ligaments, with which also are usually included the synovial 
bursee, or bursce mucoscee, whether these be subcutaneous, or 
situated beneath tendons that glide over bones. 

The serous membranes form closed sacs, and exist wherever 
the free surfaces of viscera come into contact with each other, or 
lie in cavities unattached to surrounding parts. The viscera 
which are invested by a serous membrane, are, as it were, 
pressed into the shut sac which it forms, carrying before them a 
portion of the membrane, which serves as their investment. To 
the law that serous membranes form shut sacs there is, in the 
human subject, one exception, viz.: the opening of the Fallo- 
pian tubes into the abdominal cavity,—a structure which exists 
in man and all Vertebrata, with the exception of a few fishes. 

The principal purpose of the serous and synovial membranes 
is to furnish a smooth, moist surface to facilitate the movements 
of the invested organ and to prevent the injurious effects of 
friction. This purpose is especially manifested in joints, in 
which free and extensive movements take place; and in 
the stomach and intestines which, from the varying quantity 
and movements of their contents, are in almost constant motion 
upon one another and the walls of the abdomen. 

The fluid secreted from the free surface of the serous 
membranes is, in health, rarely more than sufficient to ensure 
the maintenance of their moisture. The opposed surfaces of 
1845); Bourgery (xix. Sept. 1845); Pappenheim (xviii. Oct. 1845); and 
Rainey (xLi. vol. xxix.) 
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each serous sac are at every point in contact with each other, 
and leave no space in which fluid can collect. After death a 
larger quantity of fluid is usually found in each serous sae ; but 
this, if not the product of manifest disease, is, probably, such as 
has transuded after death, or in the last hours of life. An ex- 
cess of such fluid in any of the serous sacs, constitutes dropsy 
of the sac. 

The fluid naturally secreted by the serous membranes ap- 
pears to be identical, in general and chemical characters, with 
the serum of the blood, or with very dilute liquor sanguinis, It 
is of pale yellow or straw-colour, slightly viscid, alkaline, and, 
because of the presence of albumen, coagulable by heat. The 
presence of a minute quantity of fibrine, at least in the dropsi- 
cal fluids effused into the serous cavities, is shewn by their par- 
tial coagulation into a jelly-like mass on the addition of fibrine 
or other animal substances, or when mixed with some other 
serous fluid (see p. 14, note). This similarity of the serous 
fluid to the liquid part of blood, and te the fluid with which 
most animal tissues are moistened, renders it probable that it is 
in great measure separated by simple transudation through the 
walls of the blood-vessels. The probability is increased by the 
fact that in jaundice the fluid in the serous sacs is, equally with 
the serum of the blood, coloured with the bile. But there is 
reason for supposing that the fluid of the cerebral ventricles and 
of the arachnoid sac are exceptions to this rule: for they 
differ from the fluids of the other serous sacs not only in being 
pellucid, colourless, and of much less specific gravity, but in 
that they seldom receive the tinge of bile in the blood, and 
are not coloured by madder, or other similar substances intro- 
duced abundantly into the blood. 

It is also probable that the formation of synovial fluid is a 
process of more genuine and elaborate secretion, by means of the 
epithelial cells on the surface of the membrane, and especially of 
those which are accumulated on the edges and processes of the 
synovial fringes (Goodsir, ii., Rainey, exxiii, 1847); for, in its 
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peculiar density, viscidity, and abundance of albumen, synovia 
differs alike from the serum of blood, and from the fluid of any 
of the serous cavities. 


The mucous membranes line all those passages by which in- 
ternal parts communicate with the exterior, and by which either 
matters are eliminated from the body or foreign substances 
taken into it. They are soft and velvety, and extremely vas- 
cular. Their basis, or proper texture, seems to belong to the 
albuminous structures. Their external surfaces are attached to 
various other tissues; in the tongue, for example, to muscle ; 
on cartilaginous parts, to perichondrium ; in the cells of the 
ethmoid bone, in the frontal and sphenoid sinuses, as well as in 
the tympanum, to periosteum ; in the intestinal canal it is con- 
nected with a firm sub-mucous membrane, which on its exterior 
gives attachment to the fibres of the muscular coat. The 
internal, or free surface, of the mucous membranes is at 
every part invested with one or more layers of epithelial 
cells, which are separated from the vascular tissue by the layer 
of basement membrane. 

The mucous membranes are described as lining certain prin- 
cipal tracts. 1. The digestive tract commences in the cavity 
of the mouth, from which prolongations pass into the ducts of 
the salivary glands. From the mouth it passes through the 
the fauces, pharynx, and esophagus, to the stomach, and is 
thence continued along the whole tract of the intestinal canal to 
the termination of the rectum, being in its course arranged in the 
various folds and depressions already described (chapter viii.), 
and prolonged into the ducts of the pancreas and liver, and into 
the gall-bladder. 2. The respiratory tract includes the mucous 
membrane lining the cavity of the nose, and the various sinuses 
communicating with it, the lachrymal canal and sac, the 
conjunctiva of the eye and eyelids, and the prolongation which 
passes along the Eustachian tube and lines the tympanum 
and the inner surface of the membrana tympani. Crossing the 
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pharynx, and lining that part of it which is above the soft 
palate, the respiratory tract leads into the glottis, whence it 
is continued, through the larynx and trachea, to the bronchi 
and their divisions, which it lines as far as the branches of from 
one-fiftieth to one-thirtieth of an inch in diameter (Rainey, XLi. 
vol. xxviii). 3. The genito-wrinary tract, which lines the 
whole of the urinary passages, from their external orifice to the 
termination of the tubuli uriniferi of the kidneys, extends into 
and through the organs of generation in both sexes, into the 
ducts of the glands connected with them, and in the female be- 
comes continuous with the serous membrane of the abdomen at 
the fimbriz of the Fallopian tubes. 

Along each of the above tracts, and in different portions of 
each of them, the mucous membrane presents certain structural 
peculiarities adapted to the functions which each part has to 
discharge ; yet in some essential characters mucous membrane 
is the same, from whatever part it is obtained. In all the 
principal and larger parts of the several tracts, it presents an 
external layer of epithelium, situated upon the basement mem- 
brane, and beneath this, a stratum of vascular tissue of vari- 
able thickness, which in different cases presents either out- 
growths in the form of papille and villi, or depressions or invo- 
lutions in the form of glands. But, in the prolongations of the 
tracts, where they pass into gland-ducts and their finest 
branches, these constituents are reduced to the epithelium, the 
primary or basement-membrane, and the capillary blood-ves- 
sels spread over the outer surface of the latter in a single layer. 

The primary, or basement-membrane, is a thin transparent 
layer, simple, homogeneous, and with no discernible structure, 
which on the larger mucous membranes that have a layer of 
vascular fibro-cellular tissue, may appear to be only the blas- 
tema or formative substance, out of which successive layers of 
epithelium-cells are formed. But in the minuter divisions of 
the mucous membranes, and in the ducts of glands, it is the 
layer continuous and correspondent with this basement-mem- 
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brane that forms the proper walls of the tubes. The cells, 
also, which, lining the larger and coarser mucous membranes, 
constitute their epithelium, are continuous with, and often simi- 
lar to, these which, lining the gland ducts, are called gland- 
cells, rather than epithelium. Indeed, no certain distinction can 
be drawn between the epithelium-cells of mucous membranes, 
and gland-cells. In reference to their position, as covering sur- 
faces, they might all be called epithelium-cells, whether they 
lie on open mucous membranes, or in gland-ducts ; and in re- 
ference to the process of secretion, they might all be called 
gland-cells, or at least secreting cells, since they probably all 
fulfil a secretory office by separating certain definite materials 
from the blood, and from the part on which they are seated. 
It is only an artificial distinction which makes them epithelial 
cells in one place, and gland-cells in another. 

It thus appears that the tissues essential to the production of 
a secretion are, in their simplest form, a simple membrane, 
having on one surface blood-vessels, and on the other a layer of 
cells which may be called either epithelium-cells, or gland-cells. 
The first two elements are so similar in all glands and mucous 
membranes, that it seems nearly certain that the cells are the 
principal agents in the process of secretion, a view which is 
confirmed by many other facts. It will therefore be explana- 
tory of the whole process of secretion, if somewhat be said now 
of the epithelia, or the secreting cells, of the mucous membrane, 

The epithelia present themselves under three different forms; 
the characters of each of which are different enough in well- 
marked examples, but when, as frequently happens, a con- 
tinuous mucous surface possesses at different parts two or more 
different epithelia, there is a very gradual transition from one to 
the other. 

The first and most common variety, as described by Henle 
(xxxvil. p. 220), is the tesselated or pavement epithelium, which 
is composed of flat, oval, roundish, or polygonal nucleated cells, 
of various size, arranged in one, or in many superposed layers, 
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(fig. 25). This form of epithelium is spread over the mouth, 
pharynx, and csophagus, the conjunctiva covering the eye, the 
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vagina, and entrance of the female urethra; a similar epithe- 
lium lines most of the serous and synovial membranes, also 
the blood- and lymph-vessels ; the outer covering of the skin, or 
epidermis, is constructed on the same plan. Many gland- 
ducts, also, are lined with similar epithelium-cells, and the cells 
in the finest parts of these ducts, and in their extremities and 
most actively secreting parts, have a similar structure. 

The second variety is the cylindrical, or conical epithelium, 
which extends from the cardiac orifice of the stomach along the 
whole of the digestive canal to the anus, and lines the various 
principal gland-ducts which open upon the mucous surface of 
this tract. It is also found in the greater part of the male 
genito-urinary apparatus and the gland-ducts connected with it; 
and lines the urinary passages of the female from the orifice of 
the urethra to the beginning of the urinary tubules of the kidneys. 
It is composed of closely-set cells of a conical, pyramidal, or 
cylindrical form, whose apices are attached to the mucous mem- 
brane, or to flat epithelial cells lying upon it, and whose bases, 
which are usually terminated by a truncated plane, are free. 


@ 


3 


* Fig. 25. Scales of tesselated epithelium :—s. Scales taken from the 
inner surface of the cheek ; the margin of one is folded, a frequent appear- 
ance of these scales, shewing their thinness and flexibility; c. the more 
deeply-seated or recently-formed scales or cellules from the human conjunc- 
tiva; A. section of the epithelium of the conjunctiva, with some scales 
loosened. After Henle. 

+ In the description of which a further account is given of this form of 
epithelium, 
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Each such cell encloses, at nearly mid-distance between its base 
and apex, a flat nucleus with nucleoli (fig. 26). 


In the third variety of epithelium, cells, similar in other 
respects to the above, are provided at their free extremi- 
ties with several fine pellucid pliant processes or cilia, which 
are constantly in rapid vibratory motion, and the nature of 
which will be considered hereafter.t This form of epithelium 
lines the whole respiratory tract of mucous membrane and its 
prolongations. It occurs also in the female generative appara- 
tus, commencing about the neck of the uterus, and extending to 
the fimbriated extremities of the Fallopian tubes, and, for a 
short distance, along the peritoneal surface of the latter. A 
tesselated epithelium, with scales partly covered with cilia, lines 
the interior of the cerebral ventricles. 

These various kinds of epithelium serve one general purpose, 
namely, that of protecting and, at the same time, rendering 
smooth, the surfaces on which they are placed. But each also, 
probably, discharges a special office in relation to the particular 
function of the mucous membrane on which it is placed; and in 


* Fig. 26. Cylinders of the intestinal epithelium, after Henle :—a, Cylin- 
ders from the cardiac region of the human stomach ; B. the same from the 
jejunum ; c. cylinders of the intestinal epithelium as seen when looking on 
their free extremities; p. ditto, as seen in a transverse section of a villus, 

+ See the chapter on Morion. 
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relation to the subject more immediately in view—secretion by 
mucous membranes—it is highly probable that the epithelium- 
cells, whatever be their forms and other functions, are the’organs 
in which, by a regular process of elaboration and secretion, such 
as will be presently described, the mucus of the several mucous 
membranes is formed and discharged. The general properties 
of mucus are already described (p. 17); the peculiarities cha- 
racteristic of the mucus of each part are as yet scarcely exa- 
mined. 


SECRETING GLANDS. 


The secreting glands are the organs to which the office of 
secreting is more especially ascribed: for they appear to be oc- 
eupied with it alone. They all present, amid manifold diver- 
sities of form and composition, a general plan of structure, by 
which they are distinguished from all other textures of the body ; 
especially, all contain and appear constructed with particular 
regard to the arrangement of the cells, which, as already ex- 
pressed, both line their tubes or cavities as an epithelium, and 
elaborate, as secreting cells, the substances to be discharged from 
them. 

According to the different forms in which these cells are ar- 
ranged, and the mode in which their contents are discharged, so 
are the several varieties of glands constructed and arranged in 
classes. In some, a single primary vesicle or sacculus, containing 
cells and nuclei, constitutes the whole gland ; and such a saccu- 
lus, having elaborated materials into its cavity, discharges them 
by the absorption or dehiscence of its walls, and then disap- 
pears. This constitutes the class of temporary glands, or glands 
without permanent orifices: examples of which are furnished 
by the Peyer's and solitary glands of the intestines (p. 228), 
the lenticular glands occasionally met with along the lesser 
arch of the stomach (p. 203), and the similar glands sometimes 
seen imbedded in the mucous membranes of the pharynx, ceso- 
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phagus, and urinary bladder. The Graafian vesicles, also, both 
in structure and in mode of function, present many analogies to 
this form of glands. 

These simple glands seem to serve only a temporary pur- 
pose, having discharged which they disappear, and are not re- 
produced until the occasion for them again arises. Thus, it is 
sometimes impossible to find the Peyer’s and solitary glands of 
the intestines, and the others are more often absent than not— 
but in this fact lies their peculiar interest, in relation to the 
general physiology of secretion; since it is probable that their 
successive or periodical formation, the maturation of their con- 
tents, their discharge and temporary disappearance, represent 
very nearly the successive changes through which the acini or 
minutest lobules of the more complex glands pass. 

These more complex glands, to which alone, till lately, the 
name of secreting glands was applied, may, for distinction as a 
class, be named permanent glands, or glands with permanent 
ducts. They comprise the great majority of glands: and for 
convenience of description may be further divided into three 
principal groups, the characters of each of which are deter- 
mined by the different modes in which the sacculi or tubes 
containing the secreting cells are grouped. 

1, The simple tubule or tubular gland ; examples of which 
are furnished by the several tubular follicles in mucous mem- 
branes: especially by the follicles of Lieberkiihn in the mucous 
membrane of the intestinal canal (p. 227), and the tubular or 
gastric glands of the stomach (p. 201). These appear to be 
simple tubular depressions of the mucous membrane on which 
they open, each consisting of an elongated gland-vesicle, the 
wall of which is formed of primary membrane, and is lined 
with secreting cells arranged as an epithelium. To the same 
class may he referred the elongated and tortuous sudoriparous 
glands of the skin, and the Meimobian follicles beneath the 
palpebral conjunctiva; though the latter are made more com- 
plex by the attachment of vesicles along their sides, and form 
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a connecting link between the members of this division and the 
next, as the former by their length and tortuosity do between 
these and the third division. 

2. The aggregated glands, including those that used to be 
called conglomerate, in which a number of vesicles or acini are 
arranged in groups or lobules. Such are all those commonly 
called mucous glands, as those of the trachea, vagina, and the 
minute salivary glands. Such, also, are the tonsils, the lachry- 
mal, Brunnian, large salivary and mammary glands, Cowper’s 
and Duverney’s glands, the pancreas and prostate: the liver, 
also, may be included in this class, though the anatomy of its 
secreting structure is not yet satisfactorily determined. These 
various organs differ from each other only in secondary points of 
structure ; such as, chiefly, the arrangement of their excretory 
ducts, the grouping of the acini and lobules, their connection by 
fibro-cellular tissue, and supply of blood-vessels. The acini 
commonly appear to be formed by a kind of fusion of the walls 
of several vesicles, which thus combine to form one cavity lined 
or filled with secreting cells, which also occupy recesses from 
the main cavity. The smallest branches of the gland-ducts 
sometimes open into the centres of these cavities ; sometimes 
the acini are clustered round the extremities, or by the sides, 
of the ducts: but, whatever secondary arrangement there may 
be, all have the same essentia) character of rounded groups of 
vesicles containing gland-cells and opening, either occasionally 
or permanently, by a common central cavity into minute ducts, 
which ducts in the large glands converge and unite to form 
larger and larger branches, and at length, by one common trunk, 
open on a free surface of membrane (xxv. 1842, p. 48). 

3. The convoluted tubular glands, such as the kidney and 
testis, form another division. These consist of tubules of mem- 
brane, lined with secreting cells arranged like an epithelium. 
Through nearly the whole of their long course, the tubules pre- 
sent an almost uniform size and structure; ultimately they 
terminate either in a cul-de-sac, or by dilating as in the Mal- 
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pighian capsules of the kidney, or by forming a simple loop and 
returning, as in the testicle. 

Among these varieties of structure, all the permanent glands 
are alike in some essential points, besides those which they 
have in common with all truly secreting structures. They 
agree in presenting a large extent of secreting surface within a 
comparatively small solid space; in the circumstance that while 
one end of the gland-duct opens on a free surface, the opposite 
end is always closed, having no direct communication with 
blood-vessels, or any other canals: and in an uniform arrange- 
ment of capillary blood-vessels, ramifying and forming a net- 
work around the walls and in their interstices of the ducts and 
acini. 


PROCESS OF SECRETION. 


From what has been said it will have already appeared that 
the modes in which secretions are produced are at least two. 
Some fluids, such as the secretions of serous membranes, appear 
to be simply exudations or oozings from the blood-vessels, whose 
qualities are determined by those of the liquor sanguinis, while 
the quantities are liable to variation, or are chiefly dependent on, 
the pressure of the blood on the interior of the blood-vessels. But, 
in the production of the other secretions, such as those of mu- 
cous membranes and all glands, other besides these mechanical 
forces are in operation. Most of the secretions are indeed liable 
to be modified by the circumstances which affect the simple 
exudation from the blood-vessels, and the products of such exu- 
dations when excessive are apt to be mixed with the more pro- 
per products of all the secreting organs. But the act of secretion 
in all glands is the result of the vital processes of cells or 
nuclei, which, as they develope themselves and grow, form in 
their interior the proper materials of the secretion, and then 
discharge them. 

The best evidence for this view is, 1st. That cells and nuclei 
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are constituents of all glands, however diverse their outer forms 
and other characters, and are in all glands placed on the surface 
or in the cavity whence the secretion is poured. 2nd. That many 
secretions which are visible with the microscope, may be seen in 
the cells of their glands before they are discharged. Thus, bile 
may be often discerned by its yellow tinge in the gland-cells of 
the liver ; spermatozoids in the cells of the tubules of the tes- 
ticles; granules of uric acid in those of the kidneys of fish, 
fatty particles like those of milk in the cells of the mammary 
gland, 

The process of secretion might therefore be said to be accom- 
plished in and by the life of these gland-cells. They appear, 
like the cells or other elements of any other organ, to develope 
themselves, grow, and attain their individual perfection by ap- 
propriating the nutriment from the adjacent blood-vessels and 
elaborating it into the materials of their walls and the contents 
of their cavities. In this perfected state they subsist for some 
brief time, and when that period is over they appear to dissolve 
or burst and yield themselves and their contents as the peculiar 
material of the secretion. And this appears to be the case in 
every part of the gland that contains the appropriate gland- 
cells; therefore not in the extremities of the ducts or in the 
acini alone, but in great part of their length.* 

In these things there is the closest resemblance between se- 
cretion and nutrition ; for, if the purpose which the secreting 
glands are to serve in the economy be disregarded, their forma- 
tion might be considered as only the process of nutrition of 
organs, whose size and other conditions are maintained in, and 
by means of, the continual succession of cells developing them- 
selves and passing away. In other words, glands are main- 


* Respecting the general anatomy of secreting glands, and the part per- 
formed by cells in the process of secretion, see Miiller (cxzvii. and xxxil. 
p- 485); Simon (1xix. and xi. vol. xxx.); Bowman (xxxiii. art Mucous 
membrane) ; Goodsir (ii.); and for a general account of the individual life of 
cells consult Carpenter (cxxxi.). 
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tained by the development of the cells, and their continuance in 
the perfect state: and the secretions are discharged as the con- 
stituent gland-cells degenerate and are set free. The processes 
of nutrition and secretion are similar, also, in their obscurity : 
there is the same difficulty in saying why, out of apparently the 
same materials, the cells of one gland elaborate the components 
of bile, while those of another form the components of milk, 
and of a third those of saliva, as there is in determining why 
the cells of one tissue form cartilage, of another bone, of a third 
muscle, or any other tissue. In nutrition, also, as in secretion, 
some elements of tissues are different in their chemical proper- 
ties from any of the constituents ready-formed in the blood; 
such are the gelatinous tissues; others, as the muscular, are 
chiefly composed of fibrine, which appears identical with that in 
the blood. Of these differences, also, no account can be render- 
ed: but, obscure as the cause of these diversities may be, they 
are not objections to the explanation of secretion as a process 
similar to nutrition: an explanation with which all the facts of 
the case are reconcilable. 

It may be observed that the diversities presented by the other 
constituents of glands afford no explanation of the differences or 
peculiarities of their several products. There are many differ- 
ences in the arrangements of the blood-vessels in different 
glands and mucous membranes ; and, in accordance with these, 
much diversity in the rapidity with which the blood traverses 
them. But there is no reason for believing that these things 
do more than influence the rate of the process and the quantity 
of the material secreted. Ceteris paribus, the greater the vas- 
cularity of a secreting organ, and the larger the supply of blood 
traversing its vessels in a given time, the larger is the amount 
of secretion ; but there is no evidence that the quantity or mode 
of movement of the blood can determine the quality of the se- 
eretion. The various modes and extents in which the basement- 
membrane is developed in different secreting organs have pro- 
bably as little influence on the kind of secretion ; for each of the 
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several secretions is, in different animals, the product of glan- 
dular structures, widely various in their external form, and, on 
the other hand, very different fluids may be secreted by glands 
that, in the distribution of their ducts and vessels, are very 
similar (see especially Miiller xxxii.). 


The discharge of secretions from glands may take place as 
soon as they are formed ; or the secretion may be long retained 
within the gland or its ducts. The secretions of glands which 
are continually in active function for the purification of the blood, 
such as the kidneys, are generally discharged from the gland as 
rapidly as they are formed. But the secretions of those whose 
activity of function is only occasional, such as the testicle, are 
usually retained in the ducts during the periods of the gland’s 
inaction. And there are glands which are like both these 
classes, such as the lachrymal and salivary, which constantly 
secrete small portions of fluid, and on occasions of greater ex- 
citement discharge it more abundantly. The modes, as well as 
the times in which secretions are discharged, are also various, 
or appear to be so. The glands that have not permanent ducts 
e.g. the Peyer’s glands (see p. 228), discharge their mature 
contents by the rupture or absorption of their cell-wall, and of 
the membrane over them ; and, as already stated, it is not im- 
probable that this represents a common mode of discharge, the 
secretions being first stored up in closed acini or vesicles at the 
ends, or by the sides, of the minutest ducts, and then opening 
into these by the absorption of their own walls, and of the 
adjacent portion of the basement membrane. But there is no 
sufficient proof of this, and the more general opinion seems to be 
that the secreting cells are always enclosed within the ducts of 
the glands, or within cells or vesicles that always communicate 
with the ducts. 

When discharged into the ducts, the further course of secre- 
tions is effected partly by the pressure from behind ; the fresh 
quantities of secretion propelling those that were formed before. 
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In the larger duets, its propulsion is assisted by the contrac- 
tions of their walls. All the larger ducts, such as the ureter 
and common bile-duct, possess in their coats contractile fibro- 
cellular tissue, or organic muscular fibres ; they contract when 
irritated, and sometimes manifest peristaltic movements (Miil- 
ler xxxii. p. 521). It is probable that a like contractile power 
extends along the ducts to a considerable distance within the 
substance of the glands whose secretions can be rapidly ex- 
pelled. Saliva and milk, for instance, are sometimes ejected 
with much force ; doubtless, by the energetic and simultaneous 
contraction of many of the ducts of their respective glands. 
The contraction of the ducts can only expel the fluid they con- 
tain through their main trunk; for at their opposite ends all 
the ducts are closed. In disease, it is probable that the fibres 
of gland-ducts may be affected by a kind of spasm, or may 
be paralysed; either condition being succeeded by an impeded 
discharge of the secretion. 


Circumstances influencing Secretion.—The influence of ex- 
ternal conditions on the functions of glands is manifested chiefly 
in alterations of the quantity of secretion ; and among the prin- 
cipal of these conditions are variations in the quantity of blood, 
in the quantity of the peculiar materials for any secretion that 
it may contain, and in the conditions of the nerves of the 
glands. 

In general, an increase in the quantity of blood traversing 
a gland coincides with an augmentation of its secretion. Thus, 
the mucous membrane of the stomach becomes florid when, on 
the introduction of food, its glands begin to secrete : the mam- 
mary gland becomes much more vascular during lactation; and 
it appears that all circumstances which give rise to an increase 
in the quantity of material secreted by an organ, produce coin- 
cidently an increased supply of blood. In most cases the in- 
creased supply of blood rather follows than precedes the increase 
of secretion ; as, in the nutritive processes, the increased nutrition 
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of a part just precedes and determines the increased supply of 
blood: but, as also in the nutritive process, an increased supply 
of blood may have, for a consequence, an increased secretion 
from the glands to which it is sent. 

Glands also secrete with increased activity when the blood 
contains more than usual of the materials they are designed to 
separate. Thus, when an excess of urea is in the blood, whe- 
ther from excessive exercise or from destruction of one kidney, 
a healthy kidney will excrete more than it did before. It will 
at the same time grow larger ; an interesting fact as proving 
both the identity of secretion and nutrition in glands, and that 
the presence of certain materials in the blood may lead to the 
formation of structures in which they may be incorporated. 

The production of secretions often appears, also, to be influ- 
enced by the condition of the nervous system. It is not possi- 
ble to say with certainty whether the secretion of a gland would 
be arrested by the division or destruction of all the nerves dis- 
tributed to it, for the branches of these nerves are largely spread 
over the blood-vessels, so that their destruction cannot be ef- 
fected without serious injury to the vessels. The most distinct — 
instances of nervous influence are shewn in cases of secretion of 
the earthy phosphates by the kidneys after injury of the spinal 
cord. Whatever, within certain limits, excites the nerves of a 
gland is followed by an increase in the quantity of its secre- 
tion. ‘This is illustrated in the flow of tears and the increased 
discharge of saliva which often accompany a paroxysm of neur- 
algia in the fifth pair of nerves. 

It appears immaterial to the perfection of secretion from 
which nervous centres a secreting organ’ receives its supply of 
nervous influence ; for some glands are supplied with sympa- 
thetic, others with cerebro-spinal nerves, and others with both 
kinds; yet the mode of secretion appears to be in all alike. 

The mode in which the nervous system influences secretion is 
quite obscure. In many cases it probably exerts its influence 
by inereasing or diminishing the quantity of blood supplied to 
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the secreting gland, in virtue of the power which it exercises 
over the contractility of the smaller blood-vessels. Its influ- 
ence oyer secretion, as well as over other functions of the body, 
may be excited by causes acting directly upon the nervous cen- 
tres, upon the nerves going to the secreting organ, or upon the 
nerves of other parts. In the latter case a reflex act is produced : 
thus, the impression produced upon the nervous centres by the 
contact of food in the mouth is supposed to be reflected upon 
the nerves supplying the salivary glands, to produce through 
these a more abundant secretion of saliva. 

Through the nerves, various conditions of the mind also in- 
fluence the secretions. Thus, the thought of food may be suffi- 
cient to excite an abundant flow of saliva. And probably, it is 
the mental state which excites the abundant secretion of urine 
in hysterical paroxysms, as well as the perspirations and occa- 
sional diarrhea which ensue under the influence of terror, and 
the tears excited by sorrow or excess of joy. The quality of a 
secretion may also be affected by the mind; as in the cases in 
which, through grief or passion, the secretion of milk is altered, 
and is sometimes so changed as to produce irritation in the ali- 
mentary canal of the child, or even death.* 

The secretions of some of the glands seem to bear a certain 
relation, or antagonism, to each other, by which an increased 
activity of one is usually followed by diminished activity of one 
or more of the others, and a deranged condition of one is apt to 
entail a disordered state in the others. Such relations appear 
to exist among the various mucous membranes: and the close 
relation between the secretion of the kidney and that of the 
skin is a subject of constant observation. 


* See such cases by Carpenter (cxxxi. p. 476). 
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CHAPTER XII. 


VASCULAR GLANDS: OR GLANDS WITHOUT DUCTS. 


Tue materials separated from the blood by the ordinary pro- 
cess of secretion by glands are always discharged from the organ 
in which they are formed, and are either straightway expelled 
from the body, or if they are again received into the blood, it is 
only after they have been altered from their original condition, as 
in the cases of the saliva and bile. There appears, however, to 
be a modification of the process of secretion, in which certain 
materials are abstracted from the blood, undergo some change, 
and are added to the lymph or restored to the blood, without 
being previously discharged from the secreting organ, or made 
use of for any secondary purpose. The bodies in which this 
modified form of secretion takes place are usually described as 
vascular glands, or glands without ducts, and include the spleen, 
the thymus and thyroid glands, and the supra-renal capsules. 

The evidence in favour of the view that these organs exercise 
a function analogous to that of secreting glands has been chiefly 
obtained from recent investigations into their structure, which 
have shewn that all the glands without ducts contain the same 
essential structures as the secreting glands, except the ducts. 
They are mainly composed of vesicles or sacculi, either simple 
and closed, as in the thyroid (Simon uxix), spleen, and supra- 
renal capsules (Ecker Lxx), or variously branched, and with the 
cavities of the several branches communicating in and by com- 
mon canals, as in the thymus (Simon Lxix*). These vesicles, 
like the acini of secreting glands, are formed of a delicate homo- 
geneous membrane, are surrounded with a vascular plexus, and 


For all relating to the minute structure and functions of the vascular 
glands consult the important works of the two above-mentioned authors, and 
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are filled with finely molecular albuminous fluid, suspended in 
which are either granules of fat, or eytoblasts or nuclei, or 
nucleated cells, or a mixture of all these. 

These general resemblances in structure between the vascular 
glands and the true secernent glands lead to the supposition 
that both sets of organs pursue, up to a certain point, a similar 
course in the discharge of their functions. It is assumed that 
certain principles in an inferior state of organization are effused 
from the vessels into the sacculi, and gradually develope them- 
selves into nuclei or cytoblasts, which may be further developed 
into cells; that in the growth of these nuclei and cells the ma- 
terials derived from the blood are elaborated into a higher con- 
dition of organization; and that when liberated by the dissolu- 
tion of the cells, they pass into the lymphatics, or are again 
received into the blood, whose aptness for nutrition they contri- 
bute to maintain. 

The opinion that the vascular glands thus serve for the 
higher organization of the blood, is supported by their being all 
especially active in the discharge of their functions during foetal 
life and childhood, when, for the development and growth of the 
body, the most abundant supply of highly organized blood is 
necessary. The bulk of the thymus gland, in proportion to 
that of the body, appears to bear almost a direct proportion to 
the activity of the body’s development and growth, and when, 
at the period of puberty, the development of the body may be 
said to be complete, the gland wastes and finally disappears. 
The thyroid gland and renal capsules, also, though they proba- 
bly never cease to discharge some amount of function, yet are 
proportionally much smaller in childhood than in fetal life and 


of Gisterlen (c1i.). See, also, Dr. Julius Evans on the Structure of the Spleen 
(xxx. 1844). For the rough anatomy consult Miiller (xxxii. p. 615); and, 
for what relates to the fluids contained in the several glands, Gulliver (xxviii, ). 
Ecker’s work on the supra-renal capsules is translated into the London Medi- 
cal Gazette, May, 1848; and for an abstract of Cisterlen’s observations, see 
xxv. 1844-5, p. 28. 
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infancy ; and with the years advancing to the adult period, they 
diminish yet more in proportionate size and apparent activity 
of function. The spleen more nearly retains its proportionate 
size, and enlarges nearly as the whole body does. 

The function of the vascular glands seems not essential to 
life, at least in the adult. The thymus wastes and disappears ; 
no signs of illness attend some of the diseases which wholly de- 
stroy the structure of the thyroid gland; and the spleen has 
been often removed in animals, and in a few instances in men, 
without any evident ill-consequence. It is possible that in such 
cases, some compensation for the loss of one of the organs may 
be afforded by an increased activity of function in those that 
remain. The experiment, to be complete, should include the 
removal of all these organs, an operation hardly possible without 
immediate danger to life. Nor, indeed, would this be certainly 
sufficient, since there is some reason to suppose that the duties 
of the spleen, after its removal, might be performed by lymphatic 
or lacteal glands, between whose structure and that of the vas- 
cular glands, there is much resemblance, and which, it is said, 
have been found peculiarly enlarged when the spleen has been 
removed (Mayer, Lxxxviil. March 1845). 

Although the functions of all the vascular glands may be 
similar, in so far as they may all alike serve for the elaboration 
and maintenance of the blood, yet each of them probably dis- 
charges a peculiar office, in relation either to the whole eco- 
nomy, or to that of some other organ. The spleen, from the 
readiness with which it admits of being distended, and from the 
fact that it is generally small while gastric digestion is going on, 
and enlarges when that act is concluded, is supposed to act as a 
kind of vascular reservoir, or diverticulum to the portal system, 
or more particularly to the vessels of the stomach. That it 
may serve such a purpose is also made probable by the enlarge- 
ment which it undergoes in certain affections of the heart and 
liver, attended with obstruction to the passage of blood through 
the latter organ, and by its diminution when the congestion of 
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the portal system is relieved by discharges from the bowels, or 
by the effusion of blood into the stomach. But it can hardly be 
supposed that in an organ of so great complexity as the spleen, 
containing so many other structures besides blood-vessels, a 
mechanical influence on the circulation should be more than a 
very subordinate part of its office in the economy. And the 
same objection lies against the opinion that the thyroid gland 
is important as a diverticulum for the cerebral circulation, or 
the thymus for the pulmonary in childhood. These, also, like 
the spleen, must have peculiar and higher but, as yet, unknown 
offices. Respecting the special office of the thyroid gland, 
nothing reasonable can be suggested; nor is there any evidence 
concerning that of the renal capsules. Respecting the thymus 
gland, the observations of Mr. Simon (xix.), have shewn that 
in the hybernating animals, in which it exists throughout life, 
as each successive period of hybernation approaches, the thymus 
greatly enlarges and becomes laden with fat, which accumulates 
in it and in fat-glands connected with it, in even larger propor- 
tion than it does in the ordinary seats of adipose tissue. Hence 
it appears to serve for the storing-up of materials which, being 
re-absorbed in the inactivity of the hybernating period, may 
maintain the respiration and the temperature of the body, in the 
reduced state to which they fall during that time. 


CHAPTER XIII. 
THE SKIN AND ITS SECRETIONS, 


To complete the consideration of the processes of organic life, 
and especially of those which, by separating materials from the 
blood, maintain it in the state necessary for the nutrition of the 
body, a part of the physiology of the skin must be now consi- 
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dered: for besides the several purposes which it serves, as an 
external integument for the protection of the deeper tissues, and 
as a sensitive organ in the exercise of tact or touch, it is also an 
important excretory and absorbing organ ; and of all its functions, 
that of excretion is the most directly necessary to the maintenance 
of life. Its office as a sensitive integument will be considered 
in the chapter on Touch: here it will be regarded chiefly in 
relation to its functions of excretion and absorption. 


Structure of the Skin. 


The skin consists, principally, of a peculiar layer of vascular 
tissue, named the corium, derma or cutis vera, and an external 
covering of epithelium termed the cuticle or epidermis. Within 
and beneath the corium are imbedded several organs with spe- 
cial functions, namely, sudoriparous glands, hair follicles, and 
sebaceous glands; and on its surface are sensitive papillee. 

The coriwm or cutis, which rests upon a layer of adipose and 
cellular tissue of varying thickness, is a dense and tough, but 
yielding and highly elastic, structure composed of fasciculi of 
fibro-cellular tissue, interwoven in all directions, and forming, 
by their interlacements, numerous spaces or areola. These 
areolee are large in the deeper layers of the cutis, and are there 
usually filled with little masses of fat: but, in the more super- 
ficial parts they are exceedingly small or entirely obliterated. 

The papille are minute conical or cylindriform elevations, 
which are more prominent and more densely set at some parts, 
as the palmar surface of the hands and fingers, than at others. 
On these parts, and on the plantar surface of the feet and toes, 
they are disposed in double rows, in parallel curved lines sepa- 
rated from each other by depressions. Thus they may he seen 
easily on the palm; whereon each raised line is composed of a 
double row of papilla, and is intersected by short transverse 
lines or furrows corresponding with the interspaces between the 
successive pairs of the papillae. 
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In the middle of each of these transverse furrows, and irre- 
gularly scattered between the bases of the papillz in other 
parts of the surface of the body, are the orifices of ducts of the 
sudoriparous glands, by which it is probable that a large portion 
of the aqueous and gaseous materials excreted by the skin are 
separated. ach of these glands consists 
of a small lobular mass, which appears 
formed of a coil of tubular gland-duct, 
surrounded by blood-vessels and imbedded 
in the subcutaneous adipose tissue (fig. 
27). From this mass, the duct ascends, 
for a short distance, in a spiral manner 
through the deeper part of the cutis, then 
passing straight, and then sometimes 
again becoming spiral, it passes through 
the cuticle and opens by an oblique valve- 
like aperture. In the parts where the 
epidermis is thin the ducts themselves are 
thinner and more nearly straight in their 
course (fig. 28). The canal of the duct, 
which maintains nearly the same dia- 
meter throughout, is lined with a layer of epithelium continuous 
with the epidermis ; and its walls are formed of pellucid mem- 
brane continuous with the surface of the cutis. 

The sudoriparous glands are abundantly distributed over the 
whole surface of the body, but are especially numerous, as well 
as very large, in the skin of the palm of the hand where, 
according to Krause, they amount to 2736 in each superficial 
square inch (xv. article Haut), and according to Mr. Erasmus 
Wilson to as many as 3528 (xxxv.). They are almost equally 
abundant and large in the skin of the sole. The glands by 
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* Fig. 27. A perpendicular section of the skin of the palm of the hand, 
after Gurlt, shewing:—1, the epidermis ; 2, the rete mucosum ; 3, the 
papilla ; 4, the cutis; 5, the subcutaneous adipose tissue ; 6, the sudori- 
parous glands ; and 7, their ducts. 
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which the peculiar odorous matter of the axille is secreted form 
a nearly complete layer under the cutis, and are like the ordi- 
nary sudoriparous glands, except in being larger and having 
very short ducts (Robin, xix., Sept. 1845 ; Horner, xxxvi. Jan. 
Fig. 28. 1846). In the neck and back, where 
they are least numerous, the glands a- 
mount to 417 on the square inch (Krause). 
Their total number Krause estimates at 
2,381,248 ; and, supposing the orifice of 
each gland to present a surface of 3;th of a 
line in diameter, he reckons that the whole 
of the glands would present an evapora- 
ting surface of about eight square inches. 
Besides the perspiration, the skin se- 
cretes a peculiar fatty matter, and for this 
purpose is provided with another set of 
special organs, termed sebaceous glands 
(figs. 27, 28), which, like the sudoriparous 
glands, are abundantly distributed over 
most parts of the body. They are most 
numerous in parts largely supplied with 
hair, as the scalp and face, and are thickly 
distributed about the entrances of the various passages into the 
body, as the anus, nose, lips, and external ear. They are en- 
tirely absent from the palmar surfaces of the hands and the 
plantar surfaces of the feet. They are minutely lobulated 
glands, which appear composed of an aggregate of small vesicles 
or sacculi filled with opaque white substance, like soft oint- 
ment.+ Minute capillary vessels overspread them ; and their 


* Fig. 28. Sebaceous and sudoriferous glands of the skin, after Gurlt :—1 
the thin cuticle ; 2, the cutis ; 3, adipose tissue ; 4, a hair in its follicle (5)is 
6, sebaceous gland, opening into the follicle of the hair by an efferent duct ; 
7, the sudoriferous gland. 

+ The peculiar bitter yellow substance secreted by the skin of the external 
auditory passage is named cerwmen, and the glands themselves ceruminous 
glands ; but they do not differ in structure from the other sebaceous glands. 
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ducts, which have a beaded appearance, as if formed of rows 
of cells, open either on the surface of the skin close to a hair, or, 
which is more usual, directly into the follicle of the hair. In 
the latter case, there are generally two glands to each hair 
(fig. 28). The ducts of these glands are very commonly te- 
nanted by one or more entozoa, of a species named Acarus 
folliculorum. (Erasmus Wilson, xliii. 1844, p. 805; Gruby, 
Xvili., March 1845.) 

The hair-follicles, into which the sebaceous glands open, may 
also be reckoned among the secreting organs of the skin, since it 
is only at their lowest part that the material produced from their 
walls is appropriated to the growth of hair. The follicles are 
tubular depressions from the surface of the skin, descending into 
the subcutaneous fat, generally to a greater depth than the 
sudoriparous glands, and at their deepest part enlarging in a 
bulbous form, and often curving from their previous rectilinear 
course. They are lined throughout with cells of epithelium, 
continuous with those of the epidermis, and their walls are 
formed of pellucid membrane, which, commonly, in the follicles 
of the largest hairs, has the structure of vascular fibro-cellular 
tissue. The cells lining the deepest part of the follicles contri- 
bute to the growth of the hair ; those in the rest of their extent, 
though like epithelial cells in their arrangement, are doubtless 
gland-cells in function, and secrete a part of the material by 
which the hairs and the surface of the skin are anointed.* 

Such are the glands of the skin: but it is with it, as with the 
glands in general; together with the formed secretions, fluids 
pass through it by mere oozing from the blood-vessels, and gases 
and watery vapour are exhaled from its free surface. This eva- 
poration, however, is much limited by the epidermis, which is 
composed of layers of tesselated or pavement-epithelium cells. 
Its cells are flattened, oval, or polygonal, and average about 


* On the Structure of the Skin and its Glands, see Breschet (xiy.); Henle 
(xxxvii.); E. Wilson (xriv.); Todd and Bowman (xxxix.), and other works 
on General Anatomy. 
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qoth of an inch in diameter; each contains a nucleus, which 
again contains one or more distinct, and several paler, granules. 
The thickness of the epidermis on different portions of the skin is 
directly proportioned to the friction, pressure, and other sources 
of injury to which it is exposed, and the more it is subjected to 
such injury, within certain limits, the more does it grow, and the 
thicker and more horny does it become ; for it serves as well to 
protect the sensitive and vascular cutis from injury from with- 
out, as to limit the evaporation of fluid from the blood-vessels. 
The adaptation of the epidermis to the latter purpose may be 
well shewn by exposing to the air two dead hands or feet, of 
which one has its epidermis perfect, and the other is deprived of 
it: in a day the skin of the latter will become brown, dry and 
horn-like, while that of the former will almost retain its natural 
moisture. 


Excretion by the Skin. 


The skin, as already stated, is the seat of a two-fold excretion ; 
of that formed by the sebaceous glands and hair-follicles, and of 
the more watery fluid, the sweat or perspiration, eliminated by 
the sudoriparous glands. 

The secretion of the sebaceous glands and hair-follicles (for 
their products cannot be separated) consists of cast-off epithelium- 
cells, with nuclei and granules, together with an oily matter, 
extractive matter, and stearine; in certain parts, also, it is 
mixed with a peculiar odorous principle. It is, perhaps, nearly 
similar in composition to the unctuous coating, or vernix caseosa, 
which is formed on the body of the foetus while in the uterus, 
and which contains large quantities both of oleine and mar- 
garine (J. Davy, xxi. vol. xxvii. p. 189), Its purpose seems to 
be that of keeping the skin moist and supple, and, by its oily 
nature, of both hindering the evaporation from the surface, and 
guarding the skin from the effects of the long-continued action of 
moisture. But while it thus serves local purposes, its removal 
from the body entitles it to be reckoned among the excretions of 
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the skin; though the share it has in the purifying of the blood 
cannot be discerned. 

The fluid secreted by the sudoriparous glands is usually form- 
ed so gradually that the watery portions of it escape by evapora- 
tion as fast as it reaches the surface. But, during strong exer- 
cise, exposure to great external warmth, in some diseases, and 
when evaporation is prevented by the application of oiled silk 
or plaister, the secretion becomes more sensible, and collects on 
the skin in the form of drops of fluid. A good analysis of the 
secretion of these glands, unmixed with other fluids secreted from 
the skin, can scarcely be made ; for the quantity that can be col- 
lected pure is very small. Krause (iv.) in a few drops from the 
palm of the hand found an acid reaction, oily matter, and mar- 
garine, with water; and no other examination has been made. 

The perspiration of the skin, as the term is commonly em- 
ployed in physiology, includes all that portion of the secretions 
and exudations from the skin that is capable of evaporation ; 
the sweat includes all that may be collected in drops of fluid on 
the surface of the skin. The former is also often called insensi- 
ble perspiration: the latter, sensible perspiration. The fluids 
are the same, except that the sweat is commonly mingled with 
various substances lying on the surface of the skin. The con- 
tents of the sweat are, in part, matters capable of assuming the 
form of vapour, such as carbonic acid and water, and in part, 
other matters which are deposited on the skin and mixed with 
the sebaceous secretion. Thenard collected the perspiration in 
a flannel shirt which had been washed in distilled water, and 
found in it chloride of sodium, acetic acid, some phosphate of 
soda, traces of phosphate of lime, and oxide of iron, together 
with an animal substance. In sweat which had run from 
the forehead in drops, Berzelius found lactie acid, chloride of 
sodium, and muriate of ammonia (xxiv.). Anselmino placed 
his arm in a glass cylinder, and closed the opening around it 
with oiled silk, taking care that the arm touched the glass at no 
point. The cutaneous exhalation collected on the interior of 
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the glass, and ran down as a fluid: on analysing this, he found 
water, acetate of ammonia, and carbonic acid; and in the ashes 
of the dried residue of sweat he found carbonate, sulphate, and 
phosphate of soda, and some potash, with chloride of sodium, 
phosphate and carbonate of lime, and traces of oxide of iron. 
But of these several substances none need particular considera- 
tion except the carbonic acid and water. 

The quantity of watery vapour excreted from the skin was 
estimated very carefully by Lavoisier and Seguin. The latter 
chemist enclosed his body in an air-tight bag, with a mouth- 
piece. The bag being closed by a strong band above, and 
the mouth-piece adjusted and gummed to the skin around 
the mouth, he was weighed, and then remained quiet for se- 
veral hours, after which time he was again weighed. The 
difference in the two weights indicated the amount of loss by 
pulmonary exhalation. Having taken off the air-tight dress, 
he was immediately weighed again, and a fourth time after a 
certain interval. The difference between the two weights last 
ascertained gave the amount of the cutaneous and pulmonary 
exhalation together ; by subtracting from this the loss by pulmo- 
nary exhalation alone while he was in the air-tight dress, he as- 
certained the amount of cutaneous transpiration. The repetition 
of these experiments during a long period, shewed that during 
a state of rest the average loss by cutaneous and pulmonary ex- 
halation in a minute is from seventeen to eighteen grains,—the 
minimum eleven grains, the maximum thirty-two grains; and 
that of the eighteen grains, eleven pass off by the skin, and 
seven by the lungs. The maximum loss by exhalation, 
cutaneous and pulmonary, in twenty-four hours, is lb; 
the minimum, 1lb. 11 oz. 4 dr. (xiii. 1790). Valentin 
found the whole quantity lost by exhalation from the cuta- 
neous and respiratory surfaces of a healthy man who consumed 
daily 40,000 grains of food and drink, to be 19,000 grains, or 
3ilbs. Subtracting from this, for the pulmonary exhalation, 
5000 grains, and, for the excess of the weight of the exhaled 
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carbonic acid over that of the equal volume of the inspired oxy- 
gen, 2256 grains, the remainder, 11,744 grains, or about 24 
Ibs., may represent an average amount of cutaneous exhalation 
in the day. 

The large quantity of watery vapour thus exhaled from the 
skin, will prove that the amount excreted by simple transuda- 
tion through the cuticle must be very large, if we may take 
Krause’s estimate of about eight square inches for the total 
evaporating surface of the sudoriparous glands ; for not more than 
about 3365 grains could be evaporated from such a surface in 
twenty-four hours, under the ordinary circumstances in which 
the surface of the skin is placed (xxv. 1843-4, p. 40). This 
estimate is not an improbable one, for it agrees very closely 
with that of Milne Edwards, who calculated that when the 
temperature of the atmosphere is not above 68° F., the gland- 
ular secretion of the skin contributes only 4th to the total sum 
of cutaneous exhalation (xlvi). 

The quantity of watery vapour lost by transpiration, is of 
course influenced by all external circumstances which affect the 
exhalation from other evaporating surfaces, such as the tempe- 
rature, the hygrometric state, and the stillness, of the atmo- 
sphere. But, of the variations to which it is subject under the 
influence of these conditions, no calculation has been yet 
made. 

Neither, which is a more considerable defect, is there any 
estimate of the quantity of carbonic acid exhaled by the skin on 
an average, or in various circumstances. ‘The exhalation is most 
abundant in the lower classes of animals, more particularly the 
naked Amphibia, as frogs and toads, whose skin is thin and 
moist, and readily permits an interchange of gases between the 
blood circulating in it and the surrounding atmosphere.  Bis- 
choff found that, after the lungs of frogs had been tied and 
cut out, about a quarter of a cubic inch of carbonic acid gas 
continues to be exhaled by the skin. And this quantity is very 
large, when it is remembered that a full-sized frog will gene- 
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rate only about half a cubic inch of carbonic acid by his lungs 
and skin together in six hours (Milne Edwards and Miller, 
XXXli. p. 828). That the respiratory function of the skin is 
also considerable in the higher animals, is made probable by the 
fact observed by Fourcault (xviii. March, 1844), Magendie 
(xix. Dec. 1843), and others, that if the skin is covered with 
an impermeable varnish, or the body inclosed, all but the head, 
in a caoutchouc dress, animals soon die, as if asphyxiated; their 
heart and lungs being gorged with blood, and their tempera- 
tures during life gradually falling many degrees, and sometimes 
as much as 36° F. below the ordinary standard (Magendie). 
Results so serious as these could not be consequent on the re- 
tention of water alone, for that might be discharged through 
the kidneys and lungs, or some other internal surface. 


Absorption by the skin has been already mentioned, as an 
instance in which that process is most actively accomplished. 
Metallic preparations rubbed into the skin have the same action 
as when given internally, only in a less degree. Mercury ap- 
plied in this manner exerts its specific influence upon syphilis, 
and excites salivation ; potassio-tartrate of antimony may excite 
vomiting, or an eruption extending over the whole body; and 
arsenic may produce poisonous effects. Vegetable matters alsvu, 
if soluble, or already in solution, give rise to their peculiar ef- 
fects, as cathartics, narcotics, and the like when rubbed into the 
skin. The effect of rubbing is probably to convey the particles 
of the matter into the orifices of the glands, whence they are more 
readily absorbed than they would be through the epidermis. 
When simply left in contact with the skin, substances, unless 
in a fluid state, are seldom absorbed. 

It has long been a contested question whether the skin cover- 
ed with its epidermis has the power of absorbing water, and it 
is a point the more difficult to determine, because the skin loses 
water by evaporation. But from the result of many experi- 
ments it may now be regarded as a well-ascertained fact that 
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such absorption really occurs. M. Edwards has proved that the 
absorption of water by the surface of the body may take place 
in the lower animals very rapidly. Not only frogs, which have 
a thin skin, but lizards, in which the cuticle is thicker than in 
man, after having lost weight by being kept for some time in a 
dry atmosphere, were found to recover both their weight and 
plumpness very rapidly when immersed in water. When mere- 
ly the tail, posterior extremities, and posterior part of the body 
of the lizard were immersed, the water absorbed was distributed 
throughout the system (xtvi.). Anda like absorption through 
the skin, though to a less extent, may take place also in man. 

Dr. Madden having ascertained the loss of weight, by cuta- 
neous and pulmonary transpiration, that occurred during half an 
hour in the air, entered the bath, and remained immersed during 
the same period of time, breathing through a tube which com- 
municated with the air exterior to the room. He was then 
carefully dried and again weighed. Twelve experiments were 
performed in this manner; and in ten there was a gain of 
weight, varying from 2 scruples to 5 drachms and 1 scruple, or 
amean gain of 1 drachm 2 scruples and 13 grains. The loss 
in the air during the same length of time (half an hour) varied 
in ten experiments from 24 drachms to 1 ounce 24 scruples, or 
in the mean was about 6} drachms. So that, admitting the 
supposition that the cutaneous transpiration was entirely sus- 
pended, and estimating the loss by pulmonary exhalation at 3 
drachms, there was in these ten experiments of Dr. Madden an 
average absorption of 4 drachms 1 scruple and 3 grains, by the 
surface of the body, during half an hour (xtvii.). In four expe- 
riments performed by M. Berthold, the gain in weight was 
greater than in those of Dr. Madden (txxx. 1838, p. 177). 

In severe cases of dysphagia, when not even fluids can be 
taken into the stomach, immersion in a bath of warm water or 
of milk and water may assuage the thirst: and it has been 
found in such cases that the weight of the body is increased by 
the immersion, Sailors, also, when destitute of fresh water, find 


330 THE KIDNEYS. 


their urgent thirst allayed by soaking their clothes in salt water 
and wearing them in that state; but these effects may be in 
part due to the hindrance to the evaporation of water from the 
skin. 

The absorption, also, of different kinds of gas by the skin is 
proved by the experiments of Abernethy, Cruikshank, Beddoes, 
and others. In these cases, of course, the absorbed gases com- 
bine with the fluids, and lose the gaseous form. Several phy- 
siologists have observed an absorption of nitrogen by the skin: 
Beddoes says that he saw the arm of a negro become pale for a 
short time when immersed in chlorine; and Abernethy ob- 
served that when he held his hands in oxygen, nitrogen, car- 
bonic acid, and other gases contained in jars over mercury, the 
volume of the gases became considerably diminished. 


The share which the evaporation from the skin has in the 
maintenance of the uniform temperature of the body, and as one 
of the conditions to which the production of heat needs to 
be adapted, is already mentioned (p. 177). 


CHAPTER XIV. 


THE KIDNEYS AND THEIR SECRETION. 


Structure of the Kidneys. 


Tur kidneys, provided especially for the excretion of the 
refuse nitrogen, phosphorus and sulphur, lime and magnesia, 
have the general structures of glands arranged in a manner 
distinguishing them from all other excretory organs. In each 
kidney numerous secreting tubes (tubuli wrinifert) are collected 
in bundles, in from ten to twenty separated conical or pyramidal 
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portions (pyramids or cones of Malpighi), which together con- 
stitute the tubular portion of the kidney. The apices of the 
cones converge, and project into calyces, which are branches of a 
large cavity called the pelvis of the kidney, that leads to the 
ureter, its excretory duct. The trunks of the urine-tubes open 
at the extremities or papille of the pyramids, and their branches 
running in straight and somewhat divergent course towards the 
surface of the kidney, as they approach it, become tortuous, and, 
winding in various directions, terminate in, or bear on small 
pedicles proceeding from their walls, dilated, flask-shaped sac- 
euli, named capsules of Malpight. Those that bear capsules 
at their sides, probably unite with one another in loops, or 
terminate in simply closed ends. 

The small branches of the renal arteries ramify very abun- 
dantly in the parts of the kidney near its surface, and between 
the several pyramids ; and predominating over the tubules, have 
obtained for these cortical parts of the kidney the name of vas- 
cular portion. Before dividing into capillaries, they form vascular 
tufts or little balls, called Ialpighian corpuscles or glomerules. 
In the formation of these, each minute artery divides into four 
or more small tortuous branches, which run on the surface of 
the corpuscles, and give off many branches that fill up the 
spaces between and within them, and lead to a small vein 
which usually emerges from the corpuscle at the same part as 
the artery enters it. Thus, each Malpighian corpuscle appears 
as if suspended by a small short pedicle, formed of its artery 
and vein. Each lies within a Malpighian capsule, or attached 
to its exterior (Hyrtl, rxxxvill. April, 1846; Bidder, txxx. 
1845), and from the vein of each proceed capillaries, which 
ramify in close networks over the urine-tubes. Thus, there- 
fore, the circulation of the kidney is peculiar in that the capil- 
laries from which the blood is chiefly derived to form the 
urine, are like the divisions of a vein rather than of an artery ; 
for the branchings of the arteries in the Malpighian tufts or 
corpuscles, and the collection of their branches again into the 
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small efferent vessel, give that vessel the character of a vein, 
and make the capillary circulation over the urine-tubes ana- 
logous to the portal circulation through the liver, an analogy 
which is the closer, because in fish and Amphibia the kidney 
receives not only a renal artery, whose branches form the Mal- 
pighian bodies, but also a large renal (or venal-portal) vein, 
bringing, for the secretion of urine, the venous blood of the 
hinder parts of the body, and giving off the capillaries which 
ramify upon the urine-tubes (Bowman, xtiii, 1842). 

The urine-tubes are minute canals of about 4,9 of an inch in 
diameter, formed of pellucid, simple, or basement-membrane, 
and lined throughout with nucleated gland-cells, arranged like 

Fig. 29.4 an epithelium, of sphe- 
roidal form and darkly 
dotted or granulated (see 
fig. 29). Not unfrequent- 
ly, portions of tubes, espe- 
cially of those that are 
convoluted or tortuous, 
appear nearly filled with 
such cells, or thin sepa- 
rated nuclei, as if the 
urine were filtered through 
them in its way to the 
pelvis. The same kind 
of epithelium is continued 
into the Malpighian cap- 
sules, and lines their whole internal surface, and, if they 
contain Malpighian tufts, is reflected over them like a serous 
membrane. 


* Vig, 29, a. Portion of a seereting canal from the cortical substance of 
the kidney. 8. The epithelium or gland-cells, more highly magnified (700 
times). . Portion of a canal from the medullary substance of the kidney. 
At one part the basement-membrane has no epithelium lining it. 

+ In the frog, triton, and probably most or all other naked Amphibia 
the epithelium at and just within the neck or commencing dilatation of the 
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Secretion of Urine. 


The separation of urine from the blood is probably effected, 
like other secretions, by the agency of the gland-cells, and 
equally in all parts of the urine-tubes. The urea and uric 
acid, and perhaps some of the other constituents existing ready 
formed in the blood, may need only separation, that is, they 
may pass from the blood to the urine without further elabora- 
tion; but this is not the case with some of the other principles 
of the urine, such as the acid phosphates and the sulphates, for 
these salts do not exist in the blood, and must be formed by 
the chemical agency of the cells. 

The large size of the renal arteries and veins permit so rapid 
a transit of the blood through the kidneys, that the whole of 
the blood is purified by them. The secretion of urine is rapid 
in comparison with other secretions, and as each portion is se- 
creted it propels those already in the tubes onwards into the 
pelvis. Thence through the ureter the urine passes into the 
bladder, into which its rate and mode of entrance has been 
watched in cases of ectopia vesice, 7. ¢. of such fissures in the 
anterior and lower part of the walls of the abdomen, and of the 
front wall of the bladder, that its hinder wall with the orifices of 
the ureters is exposed to view. The best observations on such a 
case were made by Mr. Erichsen (Lxxi. 1845). The urine does 
not enter the bladder at any regular rate, nor is there a syn- 
chronism in its movement through the two ureters. During 
fasting two or three drops enter the bladder every minute, each 
drop as it enters first raising up the little papilla on which, in 


Malpighian capsule is ciliated. This fact (first observed by Mr. Bowman) is, 
perhaps, connected with the peculiar arrangement of the seminal tubes or 
branches of the vasa deferentia, which open into one end of the Malpighian 
capsules, while the urine-tubes open into the others. The cilia work towards 
the seminal tubes and would prevent the seminal fluid from mingling with 
the urine (see Bidder, criv., and Ludwig, tix, 4847), 
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these cases, the ureter opens, and then passing slowly through 
its orifice, which at once again closes like a sphincter. In the 
recumbent posture the urine collects for a little time in the 
ureters, then flows gently, and if the body is raised, runs from 
them in a stream till they are empty. Its flow is increased in 
deep inspiration, or straining, and in active exercise, and in 
fifteen or twenty minutes after a meal. 

The same observations, also, shewed how fast some sub- 
stances pass from the stomach through the circulation, and 
through the vessels of the kidneys. Ferrocyanate of potash so 
passed on one occasion in a minute: vegetable substances, such 
as rhubarb, occupied from sixteen to thirty-five minutes; neu- 
tral alkaline salts with vegetable bases, which were generally 
decomposed in transitu, made the urine alkaline in from 
twenty-eight to forty-seven minutes. But the times of pas- 
sage varied much ; and the transit was always slow when the 
substances were taken during digestion. 

The urine collecting in the urinary bladder is prevented from 
regurgitation into the ureters by the mode in which they pass 
through the walls of the bladder, namely, by their lying for be- 
tween half and three-quarters of an inch between the muscular 
and mucous coats, and then turning rather abruptly forwards, 
and opening through the latter. It collects till the distension 
of the bladder is felt either by direct sensation, or, in ordinary 
cases, by a transferred sensation at and near the orifice of the 
urethra. Then, the effort of the will being directed primarily 
to the muscles of the abdomen, and through them (by reason 
of its tendency to act with them, to the urinary bladder), the 
latter, though its muscular walls are really composed of in- 
voluntary muscle, contracts, and expels the urine. The mus- 
cular fibres behind the ureters, where they lie between the 
muscular and mucous coat of the bladder, compress these canals 
as they contract for the expulsion of the urine ; and the vesical 
orifice of the urethra, which appears to be closed only by the 
elasticity of the surrounding parts, is forced open by the pres- 
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sure of the urine while the bladder is contracting, and again 
closes by the same elasticity when the bladder ceases to con- 
tract. 


The Urine: its general Properties. 


Healthy urine is a clear limpid fluid, of a pale yellow or 
amber colour, with a peculiar faint aromatic odour, which be- 
comes pungent and ammoniacal when decomposition takes place. 
The urine, though usually clear and transparent at first, often, 
as it cools, becomes opaque and turbid from the deposition of 
part of its constituents previously held in solution; and this 
may be consistent with health, though it is only in disease that, 
in the temperature of 98° or 100°, at which it is voided, the 
urine is turbid even when first expelled. Although ordinarily 
of a pale amber colour, yet, consistently with health, the urine 
may be nearly colourless, or of a brownish or deep orange tint ; 
and between these extremes it may present every shade of 
colour. 

When secreted, and, most commonly, when first voided, the 
urine has a distinctly acid reaction in man and all carnivorous 
animals, and it thus remains till it is neutralized or made alka- 
line by the ammonia developed in it by decomposition, In 
most herbivorous animals, on the contrary, the urine is alkaline 
and turbid. The difference depends, not on any peculiarity in 
the mode of secretion, but on the differences in the food on 
which the two classes subsist ; for when carnivorous animals, 
such as dogs, are restricted to a vegetable diet, their urine be- 
eomes pale, turbid, and alkaline like that of an herbivorous 
animal, but resumes its former acidity on the return to an animal 
diet ; while the urine voided by herbivorous animals, e. gy. rab- 
bits, fed for some time exclusively upon animal substances, pre- 
sents the acid reaction and other qualities of the urine of Carni- 
vora, its ordinary alkalinity being restored only on the substi- 
tution of a vegetable for the animal diet (Bernard, xviii. 1846), 
Human urine is not usually rendered alkaline by vegetable diet, 
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but it becomes so after the free use of alkaline medicines, or of 
the alkaline salts with carbonic or vegetable acids; for these 
latter are changed into alkaline carbonates previous to elimination 
by the kidneys. Except in these cases it is very rarely alkaline, 
unless ammonia has been developed in it by decomposition 
commencing before it is evacuated from the bladder. 

The average specific gravity of the human urine is stated by 
Dr. Prout to be 1020 (xxi. p. 518), by Becquerel, as the mean 
in the two sexes, 1017 (L. p. 148).* Probably no other animal 
fluid presents so many varieties in density within twenty-four 
hours as the urine does ; for the relative quantity of water and 
of solid constituents of which it is composed is materially influ- 
enced by the condition and occupation of the body during the 
time at which it is secreted, by the length of time which has 
elapsed since the last meal, and by several other accidental cir- 
cumstances. The existence of these causes of difference in the 
composition of the urine has led to the secretion being described 
under the three heads of wrina sanguinis, urina potis, and 
uring cibi. The first of these names signifies the urine, or that 
part of it, which is secreted from the blood at times in which 
neither food nor drink has been recently taken, and is applied 
especially to the urine which is evacuated in the morning before 
breakfast. The wrina potis indicates the urine secreted shortly 
after the introduction of any considerable quantity of fluid into 
the body: and the wrina cibi the portions secreted during the 
period immediately succeeding a meal of solid food. The latter 
kind contains a larger quantity of solid matter than either of the 
others ; the former, being largely diluted with water, possesses 
a comparatively low specific gravity. Of the three kinds, the 
morning-urine is the best calculated for analysis, since it repre- 


* The specific gravity indicates only the proportionate, not the absolute, 
quantity of solid matter in a given bulk of urine. For determining the latter 
point, various tables have been constructed ; see Christison, xlix. yol. iv. 
p. 248 ; Becquerel, x. p. 17 ; Prout, xxi. p. 521; Day, xxx. 1844, p. 3703 
and Golding Bird, ri. p. 17. 
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sents the simple secretion unmixed with the elements of food or 
drink ; if it be not used, the whole of the urine passed during a 
period of twenty-four hours should be taken. In accordance 
with the various circumstances above mentioned, the specific 
gravity of the urine may, consistently with health, range widely 
on both sides of the usual average. The average healthy range 
may be stated at from 1015 in the winter to 1025 in the sum- 
mer (Prout, xxi. p. 518), and variations of diet and exercise 
may make as great a difference. In disease the variation may 
be greater ; sometimes descending, in albuminuria, to 1004, and 
frequently ascending, in diabetes, when the urine is loaded with 
sugar, to 1050, or even to 1060 (Watson, xxviii. vol. il. p. 
557). 

The whole quantity of urine secreted in twenty-four hours is 
subject to variation according to the amount of fluid drunk, and 
the quantity secreted by the skin. It is because the secretion 
of the skin is more active in summer than in winter, that the 
quantity of urine is smaller and its specific gravity proportion- 
ately higher. According to Prout, the quantity voided in sum- 
mer may be estimated at thirty ounces daily ; that in winter at 
forty ounces: this will give a mean of thirty-five ounces as the 
average amount of the urinary secretion by an adult healthy man. 


Chemical Composition of the Urine. 


The urine consists of water, holding in solution certain animal 
and saline matters as its ordinary constituents, and occasionally 
various matters taken in the stomach as food—salts, colouring 
matters, and the like. The quantities of the several natural and 
constant ingredients of the urine are stated somewhat differently 
by the different chemists who have analysed it ; but many of 
the differences are not important, and the well-known accuracy 
of the several chemists renders it almost immaterial which of 
the analyses is adopted. The analysis by A. Becquerel (t. p. 
7) being adopted by Dr. Prout (xxi. p. 519), and by Dr. 
Q 
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Golding Bird (xi. p. 31), will be here employed. The older 
analysis by Berzelius (xxiv. p. 342), adopted by Miiller (xxxii. 
p- 631), includes all the principal solid constituents of the urine, 
and probably states correctly the proportions that they bear to 
‘one another; but, as pointed out by Dr. Prout, it is probable 
that Berzelius examined urine of very high specific gravity, and 
has in consequence overstated the quantity of solid ingredients ; 
for he sets them down at more than double the amount found to 
exist by more recent analysts. If the mean specific gravity of 
human urine be taken at 1020, and the average quantity passed 
in twenty-four hours be estimated at thirty-five ounces, it will 
be found, according to the analysis of M. Becquerel, that 1000 
parts of urine contain 33 parts of solid matter dissolved in 967 
parts of water. Its more exact composition is as follows :— 


Water. 6 5 ~ 5 : ie 
Urea ' 7 : : : é 14:230 
Uric acid ; 4 : : : 4 “468 
Colouring matter. 2 : ee from ; 10°167 
Mucus, and animal extractive matter each other 


Potash 
( Lime 
Bi-phosphates~ ee comet 
tee ; 8135 
Ammonia 


| Sulphates | Soda 


Salts- 


C Sodium 
| Chlorides ae 

Hippurate of soda 
_Fluate of potash 


Silica. : A “ 5 : traces. 


— 


1000:000 


From these proportions, however, most of the constituents 
are, even in health, liable to variations. Especially, the water is 
so. Its variations in different seasons, and according to the 
quantity of drink and exercise are already mentioned. It is 
also liable to be influenced by the condition of the nervous sys- 
tem, being sometimes greatly increased in hysteria, and some 
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other nervous affections; and at other times diminished. In 
some diseases it is enormously increased ; and its increase may 
be either attended with an augmented quantity of solid matter, 
. as in ordinary diabetes, or may be nearly the sole change, as in 
the affection termed diabetes insipidus. In other diseases e. g. the 
various forms of albuminuria, the quantity may be considerably 
diminished. <A febrile condition almost always diminishes the 
quantity of water; and a like diminution is caused by any 
affection which draws off a large quantity of fluid from the 
body through any other channel than that of the kidneys, e. 4. 
the bowels and the skin. 

Urea.—Urea is the principal solid constituent of the urine, 
forming nearly one half of the whole quantity of solid matter. 
It is also the most important ingredient, since it is the chief 
substance by which the nitrogen of decomposed tissues and 
superfluous food is excreted frorn the body. For its removal 
the secretion of urine seems especially provided, and by its re- 
tention in the blood the most pernicious effects are produced. 

Urea, like the other solid constituents of the urine, exists in 
a state of solution. But it may be procured in the solid state 
and then appears in the form of delicate silvery acicular crys- 
tals, which, under the microscope, appear as four-sided prisms. 
It is obtained in this state by evaporating urine carefully to 
the consistence of honey, acting on the inspissated mass with 
four parts of alcohol, then evaporating the alcoholic solution, 
and purifying the residue by repeated solution in water or 
alcohol, and finally allowing it to crystallise. It readily com- 
bines with an acid, like a weak base ; and may thus be con- 
veniently procured in the form of a nitrate, by adding about 
half a drachm of pure nitric acid to double that quantity of 
urine in a watch-glass. The crystals of nitrate of urea are 
formed more rapidly if the urine have been previously concen- 
trated by evaporation. 

Urea is colourless when pure; when impure, yellow or 
brown: without smell, and of a cooling, nitre-like taste ; has 
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neither an acid nor an alkaline reaction, and deliquesces in a 
moist and warm atmosphere. At 59° F, it requires for its 
solution less than its weight of water; it is dissolved in all 
proportions by boiling water; but it requires five times its 
weight of cold alcohol for its solution. At 248° F. it melts 
without undergoing decomposition ; at a still higher tempera- 
ture ebullition takes place, and carbonate of ammonia sublimes; 
the melting mass gradually acquires a pulpy consistence, and, if 
the heat is carefully regulated, leaves a grey-white powder, 
eyanic acid. 

Urea is identical in composition with cyanate of ammonia, 
its ultimate analysis yielding 2 atoms of carbon, 2 of nitrogen, 
2 of oxygen, and 4 of hydrogen, which is the composition of 
hydrated cyanate of ammonia (cyanic acid=C,NO; water= 
HO ammonia = NH;). This cyanate of ammonia, or artificial 
urea, as discovered by Wohler, may be formed by the mutual 
action of ammonia, cyanic acid, and water ; or by decomposing 
cyanate of silver with hydrochlorate of ammonia, or cyanate of 
lead with a solution of ammonia (Lili. xxvii. 196). The action 
of heat upon urea in evolving carbonate of ammonia, and leaving 
cyanic acid, is thus explained. A similar decomposition of the 
urea with development of carbonate of ammonia ensues spon- 
taneously when urine is kept for some days after being voided, 
and explains the ammoniacal odour then evolved. It is probable 
that this spontaneous decomposition is accelerated by the mucus 
and other animal matters in the urine, which, by becoming 
putrid, act the part of a ferment and excite a change of com- 
position in the surrounding compounds. It is chiefly thus that 
the urea is sometimes decomposed before it leaves the bladder, 
when the mucous membrane is diseased, and the mucus secreted 
by it is both more abundant and, probably, more prone than 
usual to become putrid (Dumas, Lil. p. 39). The same occurs 
also in some affections of the nervous system, particularly in 
paraplegia. 

Assuming 35 ounces of urine to be passed in twenty-four 
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hours, the total amount of urea excreted within the same pe- 
riod, at the rate of fourteen parts and a quarter in every 1000 
parts of urine, will be 227 grains, or nearly half an ounce. 
The amount of this substance excreted is, however, like that of 
the urine itself, subject to considerable variation. It is mate- 
rially influenced by diet, being greater when animal food is ex- 
clusively used, less when the diet is mixed, and least of all with 
a vegetable diet (Lehmann, Lxxxii. vol. ii. p. 162). Asa rule, 
men excrete a larger quantity than women, and persons in the 
middle periods of life, a larger quantity than infants or old 
people (Lecanu, Lvi. t. 25, p. 261). The quantity of urea does 
not necessarily increase and decrease with that of the urine, 
though on the whole it would seem that whenever the amount 
of urine is much augmented, the quantity of urea also is usually 
increased (Becquerel, t.). In various diseases, as albuminuria, 
the quantity is reduced considerably below the healthy stand. 
ard, while in other affections it is raised above it. 

The urea appears to be derived from two different sources. 
That it is derived in part from the unassimilated elements of 
nitrogenous food, circulating with the blood, is shewn in the 
increase which ensues on substituting an animal or highly 
nitrogenous, for a vegetable, diet. And that it is in larger part 
derived from the disintegration of the azotised animal tissues, 
is shewn by the fact, that it continues to be excreted, though in 
smaller quantity than usual, when all nitrogenous substances 
are strictly excluded from the food, as when the diet consists 
for several days of sugar, starch, gum, oil, and similar non- 
azotised vegetable substances (Lehmann, Lxxxii, vol. ii, p- 163). 
It is excreted also even although no food at all is taken for a 
considerable time ; thus it is found in the urine of reptiles which 
have fasted for months; and in the urine of a madman who 
had fasted eighteen days, Lassaigne found both urea and all the 
components of healthy urine (Lvii. p. 272). According to Dr. 
Prout (xxi. p. 483), the urine is derived chiefly from the ge- 
latinous tissues ; according to Liebig (xi. p. 137), all the nitro- 
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genous tissues furnish a share of it by their decomposition ; and 
that the muscles do so is nearly proved by the close relation 
between urea and the kreatine and kreatinine which both they 
and urine contain, and by the increased excretion of urine after 
active exercise. 

Urea exists ready-formed in the blood, and is simply abs- 
tracted therefrom by the kidneys. It may be detected in 
small quantity in the blood (ix .1848), and in some other 
parts of the body, ¢.g. the humours of the eye (Millon, xviii. 
1843), even while the functions of the kidneys are unimpaired ; 
but when from any cause, especially extensive disease or ex- 
tirpation of the kidneys, the separation of urine is imperfect, the 
urea is found largely in the blood and most other fluids of the 
body. 

Urie Acid.—This, which is another nitrogenous animal sub- 
stance, and was formerly termed lithic acid on account of its ex- 
istence in many forms of urinary calculi, is rarely absent from 
the urine of man or animals, though in the feline tribe it seems 
to be sometimes entirely replaced by urea (G. Bird, Lxxi. vol. 
XLi. p. 1106). Its proportionate quantity varies considerably in 
different animals. In man, and Marnmalia generally, especially 
the Herbivora, it is comparatively small, not exceeding, in the 
human subject, one part in 2000 parts of urine. In the whole 
tribe of birds and of serpents, on the other hand, the quantity 
is very large, greatly exceeding that of the urea. In the urine 
of graminivorous birds, indeed, urea is rarely if ever found, its 
place being entirely supplied by urie acid. The quantity of 
uric acid, like that of urea, in human urine is increased by the 
use of animal food, and decreased by the use of food free from 
nitrogen, or by an exclusively vegetable diet. In most febrile 
diseases, and in plethora, it is formed in unnaturally large 
quantities, and in gout it is deposited in, and in the tissues 
around, joints, in the form of urate of soda, of which the so- 
called chalk-stones of this disease are principally composed. 

The condition in which uric acid exists in solution in the 
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urine, has formed the subject of much discussion, because of its 
difficult solubility in water. Dr. Prout found that it required 
10,000 times its weight of water, at the temperature of 60° F. 
for solution ; whereas in urine, one part of it is retained in so- 
lution by only 2000 parts of water. He was led to believe that 
uric acid does not exist in the free state in urine, but is com- 
bined with ammonia in the form of the more soluble salt of urate 
ofammonia. This view is supported by the fact that urine, 
when evaporated, deposits not crystals of uric acid, as would 
probably be the case if this acid existed in its free state, but 
urate of ammonia. It is supported also by the facts, that the 
addition of an acid to urine causes the deposition of crystals of 
uric acid, and that the uric acid in the excrement of birds and 
serpents is not in the free state, but is combined with ammonia. 
It may therefore he considered highly probable that the princi- 
pal part at least of the uric acid exists in the urine in the form 
of urate of ammonia; and Dr. Bence Jones has shewn that the 
solubility of this salt is increased by the presence of chloride of 
sodium, of which a proportion is present in the urine (xxi. Dee. 
1843). 

Liebig (xxx. June, 1844), however, maintains that the uric 
acid exists as urate of soda, produced, he supposes, by the uric 
acid as soon as it is formed combining with part of the base of 
the alkaline phosphate of soda of the blood. Hippuric acid, 
which exists in human urine also, he believes, acts upon the 
alkaline phosphate in the same way, and increases still more 
the quantity of acid phosphate, on the presence of which it is 
probable that a part of the natural aeidity of the urine depends. 
It is scarcely possible to say whether the union of urie acid with 
the bases soda and ammonia, takes place in the blood, or in the 
act of secretion in the kidney; the latter is the more probable 
opinion, but the quantity of either uric acid or urates in the 
blood, is probably too small to allow of this question being 
solved. 

“According to Dr. Prout, the source of uric acid is in the dis- 
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integrated elements of albuminous tissues: while by Liebig it 
is assumed that uric acid is the first-formed product of the 
decay of all azotised tissues, and that if a due supply of oxygen 
is afforded, it is resolved into urea and carbonic acid. The 
fact, however, that in birds, whose rapid respiration and circu- 
lation ensures a large supply of oxygen, the uric acid is excreted 
in the form of urate of ammonia, and is rarely conyerted into 
urea, is quite opposed to such a view. The relation which uric 
acid and urea bear to each other is therefore still obscure. The 
fact that they often exist together in the same urine seems to 
make it probable that they have different origins or different 
offices to perform: but the entire replacement of either by the 
other, as of urea by uric acid in the urine of birds, serpents, 
and many insects, and of uric acid by urea in the urine of the 
feline tribe of Mammalia, shews that each alone may discharge 
all the important functions of the two. 

Owing to its existing in combination in healthy urine, uric 
acid, for examination, must generally be precipitated from its 
bases by a strongeracid. Frequently, however, when excreted 
in excess, it is deposited in a crystalline form, mixed with 
large quantities of urate of ammonia. In such cases it may be 
procured for microscopic examination by gently warming the 
portion of urine containing the sediment: this dissolves the 
urate of ammonia, while the comparatively insoluble crystals 
of uric acid subside to the bottom. In larger quantity, this 
acid may be obtained from the urine of birds or serpents, which 
consists almost exclusively of urate of ammonia. The thick 
white, urinary secretion of these animals is to be dried, dis- 
solved in warm water, filtered, and then decomposed with 
nitric or hydrochloric acid. 

The most common form in which uric acid is deposited in 
urine is that of a brownish or yellowish powdery substance, 
consisting of granules of urate of ammonia. When deposited 
in crystals it is most frequently in rhombic or diamond-shaped 
lamine, not unlike scales of epithelium, their resemblance to 
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which is often further increased by the existence of internal 
markings, which look like nuclei. The laminz are sometimes 
of considerable thickness, and when lying on their sides they 
often appear like flattened cylinders ; but their true form is 
made manifest as they roll over. Occasionally the rhombic 
form of the crystals is replaced by the square. Various other 
shapes are also occasionally presented, and will be found de- 
scribed in works on the subject (see especially Prout, xxi.; G. 
Bird, xi, ; Simon, txxxii.; Griffith, cii.). When deposited from 
urine the crystals are generally more or less deeply coloured, by 
being combined with the colouring principles of the urine. 

Uric acid is insoluble in ether and alcohol. It contains 
about 31 per cent. of nitrogen; its analysis yielding, according 
to Dr. Prout, nitrogen 31°12, carbon 39°87, hydrogen 2°22, 
oxygen 26°77. Its formula is C,,H,N,O,. 

Hippuric acid has long been known to exist in the urine of 
herbivorous animals in combination with soda. Liebig has 
lately shewn that it also exists naturally in the urine of man, 
in quantity equal to the uric acid (xxx. June 1844); but, ac- 
cording to Dr. G. Bird, its quantity is not more than one-third of 
the uric acid. It is a nitrogenous compound, and contains as 
much as 63 per cent of carbon; 100 parts, according to Liebig 
consisting of C 63:032, H 5:000, N 7°337, O 24°631. It 
is closely allied to benzoic acid, and this substance when intro- 
duced into the system is excreted by the kidneys as hippurie 
acid (Ure, x1i. vol. xxiv). Its source is in some parts of 
vegetable diet, though man has no hippurie acid in his food, 
nor, commonly, any benzoic acid that might be converted 
into it. 

The nature and composition of the colowring matter of urine 
is involved in considerable obscurity. It is usually supposed 
that there are two distinct kinds, a yellow and a red, by the 
varying proportions of which the different tints of urine are pro- 
duced. (See on the subject G. Bird, 1i. p. 52; Heller, ix, 
1846-7; Simon, Lxxxii.; and for the best and most recent 
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account Scherer, x. Bd. 57, p. 180, or, for an abstract of the 
paper there given, Lix. 1846, p. 130.) 

The mucus in the urine consists principally of the epithelial 
debris of the mucous surface of the urinary passages. Particles 
of epithelium, in greater or less abundance, may he detected in 
most samples of urine, especially if it has remained at rest for 
some time, and the lower strata are then examined. As urine 
cools, the mucus is sometimes seen suspended in it as a delicate 
opaque cloud, but generally it falls. In inflammatory affections 
of the urinary passages, especially of the bladder, mucus in large 
quantities is poured forth, and speedily undergoes decomposition. 
The presence of the decomposing mucus excites (as already 
stated) chemical changes in the urea, whereby ammonia, or 
carbonate of ammonia, is formed, which, combining with the 
excess of acid in the super-phosphates in the urine, produces in- 
soluble neutral or alkaline phosphates of lime and magnesia, and 
phosphate of ammonia and magnesia. These mixing with the 
mucus constitute the peculiar white viscid mortar-like substance 
which collects upon the mucous surface of the bladder, and is 
often passed with the urine, forming a thick tenacious sediment. 

Besides mucus and colouring matter, urine contains a consi- 
derable quantity of animal matter, usually described under the 
obscure name of animal extractive. The investigations of Liebig 
(niv.), Heintz (Lix. 1847. p. 105), and others, have shewn that 
some of this ill-defined substance consists of dreatine and kreati- 
nine, two substances derived from the metamorphosis of mus- 
cular tissues. These substances appear to be intermediate 
between the proper elements of the muscles and perhaps of 
other azotised tissues, and urea: the first products of the disin- 
tegrating tissues probably consisting not of urea, but of kreatine 
and kreatinine, which subsequently are partly resolved into 
urea, partly discharged, without change, in the urine. Scherer’s 
analysis shews, also, that much of the substance classed as 
extractive matter of the urine, is a peculiar colouring matter, 
probably derived from the hematine of the blood. 
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Salts.—The saline substances in urine constitute about one- 
fourth of the solid ingredients. They consist of the various 
saline matters found in the other fluids and tissues of the body, 
together with some that are peculiar to the urine. 

The sulphates are the most abundant ; they exist as the sul- 
phates of soda and potash: salts which are taken in very small 
quantity with the food, and are scarcely found in other fluids 
or tissues of the body; for the sulphates commonly enumerated 
among the constituents of the ashes of the tissues and fluids 
are, for the most part or entirely, produced by the changes that 
take place in the burning. Hence it is probable that the sul- 
phuric acid which the sulphates in the urine contain, as soon 
as it is formed in the blood, or in the act of secretion of urine, 
is combined with the soda and potash which are in excess in 
the blood and make it alkaline. The sulphur of which the 
acid is formed, is probably derived from the decomposing nitro- 
genous tissues, the other elements of which are resolved into 
urea and uric acid. The oxygen is supplied through the lungs, 
and the heat generated during combination with the sulphur, 
is one of the subordinate means by which the animal tem- 
perature is maintained. 

Besides the sulphur in these salts, some also appears to be in 
the urine, uncombined with oxygen ; for after all the sulphates 
have been removed from urine, sulphuric acid may be formed 
by drying and burning it with nitre. Mr, Ronalds believes that 
from three to five grains of sulphur are thus daily excreted 
(xvil. 1846). The combination in which it exists is uncertain : 
possibly it is in some compound analogous to cystine or cystic 
oxyde which contains as much as 25 per cent. of sulphur. 

The phosphates ave more numerous, though less abundant, 
than the sulphates. From { to 7; part of them are phosphates 
with alkaline bases ; from { to 12, with earthy bases (Bence Jones, 
xliii, 1845). In blood, saliva, and other alkaline fluids of the 
body, phosphates exist in the form of alkaline, probably tribasie, 
salts. In the urine they are acid salts, viz. the bi-phosphates 
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of soda, ammonia, lime, and magnesiay the excess of acid being, 
according to Liebig (xxx. June 1844), due to the appropriation 
of the alkali with which the phosphoric acid in the blood is com- 
bined, by the several new acids which are formed or discharged 
at the kidneys, namely, the uric, hippuric, and sulphuric acids, 
all of which he supposes to be neutralized with soda. 

The presence of the acid phosphates accounts, in great mea- 
sure, or, according to Liebig, entirely, for the acidity of the 
urine. The phosphates are taken largely in both vegetable and 
animal food; some, thus taken, are excreted at once; others 
after being transformed and incorporated with the tissues. 
Phosphate of lime forms the principal earthy constituent of 
bone, and from the decomposition of the osseous tissue, the urine 
derives a large quantity of this salt. The decomposition of 
other tissues also, but especially of the brain and nerve-sub- 
stance, furnishes large supplies of phosphorus to the urine, which 
phosphorus is supposed, like the sulphur, to be united with 
oxygen and then combined with bases. According to Becquerel, 
1000 parts of urine contain on an average *373 of phosphoric 
acid in the state of combination; so that a person in health will 
pass about 5°72 grains in twenty-four hours. This quantity is, 
however, liable to considerable variation. Any undue exercise 
of the mind, and all circumstances producing nervous exhaus- 
tion, increase it. The earthy phosphates are more abundant 
after meals, whether on animal or vegetable food, and are 
diminished after long fasting. The alkaline phosphates are in- 
creased after animal food, diminished after vegetable food. Ex- 
ercise increases the alkaline, but not the earthy, phosphates 
(Bence Jones). Phosphorus uncombined with oxygen appears, 
like sulphur, to be excreted in the urine (Ronalds, 1. C:)y and 
it is said that the quantity is sometimes so large as to render 
objects dipped in the urine luminous in the dark (xiii. Feb. 
1814). 

The chlorides occur as chlorides of potassium and sodium. 
As they exist largely in food, and in most of the animal fluids, 
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their occurrence in the urine is easily understood. Occasionally 
the urine contains flwate of potash, and a small quantity of 
silica ; but neither of these appears to be a constant constituent.* 


CHAPTER XV. 


THE NERVOUS SYSTEM. 


Tue general nature of the functions of the nervous system, 
its connection with the mind on the one hand, and the 
contractile and sensitive parts on the other, and its influence 
on the functions of organic life, have been already referred to 
(pp. 54—37.) The following pages will be devoted to a fuller 
exposition of these subjects. 


The nervous system consists of two portions or constituent 
systems, the cerelro-spinal, and the sympathetic or ganglionic, 
each of which (though they have many things in common) 
possesses certain peculiarities in structure, mode of action, and 
range of influence. 

The cerebro-spinal system includes the brain and spinal 
cord, with the nerves proceeding from them, and the several 
ganglia seated upon these nerves, or forming part of the sub- 
stance of the brain. It was denominated by Bichat the ner- 
yous system of animal life; and includes all the nervous 
organs in and through which are performed the several func- 
tions with which the mind is more immediately connected ; 


* In addition to the various works already quoted, see, for further details 
on the Chemistry of the Urine, Dr. Garrod’s lectures, in course of publication 
in the Lancet; Dr. Golding Bird’s lectures in the forty-second volume of the 
Medical Gazette ; Dr. Day’s several reports in Ranking’s Abstract ; 
Dr. Griffith’s work (cii.). 


and 
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namely, those relating to sensation and volition, and the mental 
acts connected with sensible things. 

The sympathetic or ganglionic portion of the nervous system, 
which Bichat named the nervous system of organic life, con- 
sists essentially of a chain of ganglia connected by nervous 
cords, which extends from the cranium to the pelvis, along 
each side of the vertebral column, and from which nerves 
with ganglia proceed to the viscera in the thoracic, abdominal, 
and pelvic cavities. By its distribution, as well as by its pe 
culiar mode of action, this system is less immediately connected 
with the mind, either as sensiferous or as receiving the impulses 
of the will; it is more closely connected than the cerebro- 
spinal system is with the processes of organic life. 

But the differences between these two systems are not essen- 
tial: their actions differ m degree and object more than in 
kind or mode: in the lower animals all the nervous functions 
are performed by one system corresponding with the cerebro- 
spinal of the Vertebrata ; and among the Vertebrata many of 
the functions which in the warm-blooded animals are controlled 
by the sympathetic nerves, are in fish under the control of the 
pneumogastric cerebral nerves. 


Elementary Structures of the Nervous System. 


The organs of the nervous system, or systems, are composed 
essentially of two kinds of structure, vesicular and fibrous; 
both of which appear essential to the construction of even the 
simplest nervous system. The vesicular structure is usually 
collected in masses and mingled with the fibrous structure, as 
in the brain, spinal cord, and the several ganglia; and these 
masses constitute what are termed nervous centres, being the 
organs in which it is supposed that nervous force may be gene- 
rated, and in which are accomplished all the various reflec- 
tions, and other modes of disposing of impressions when they 
are not simply conducted along nerve-fibres. The fibrous 
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nerve-substance, besides entering into the composition of the 
nervous centres, forms alone the nerves, or cords of communica- 
tion, which connect the various nervous centres, and are distri- 
buted in the several parts of the body for the purpose of con- 
veying nervous force to them, or of transmitting to the ner- 
yous centres the impressions made by stimuli. 

Along the nerve-fibres impressions or conditions of excitement 
are simply conducted : in the nervous centres they may be made 
to deviate from their direct course, and be variously diffused, 
reflected, or otherwise disposed of. 


Nerves ‘are constructed of minute fibres or tubules full of 
nervous matter, arranged in parallel or interlacing bundles, 
which bundles are connected by 
intervening fibro-cellular tissue, * 
in which their principal blood- 
vessels ramify. A layer of the 
same, or of strong fibrous, tissue 
also surrounds the whole nerve, 
and forms asheath orneurilemma 
for it. In most nerves, two kinds 
of fibres are mingled; those of 
one kind being most numerous 
in, and characteristic of, nerves 
of the cerebro-spinal system ; 
those of the other, most nume- 
rous in nerves of the sympathetic 
system. 

The fibres of the first kind 


* Fig. 30. Primitive nerve-tubules, a,a perfeotly fresh tubule with a single 
dark outline. s. A tubule or fibre with a double contour from commencing 
post-mortem change. c. The changes further advanced, producing a varicose 
or beaded appearance. pb. A tubule or fibre, the central part of which, in 
consequence of still further changes, has accumulated in separate portions 
within the sheath. After Wagner (cxv.) 
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appear to consist of tubules of a pellucid simple membrane, 
within which is contained the proper nerve-substance, consisting 
of a transparent oil-like, and apparently homogeneous material, 
which gives to each fibre the appearance of a fine glass-tube filled 
with a clear transparent fluid (fig. 30,4). This simplicity of 
composition is, however, only apparent in the fibres of a perfectly 
fresh nerve; for shortly after death they undergo changes which 
make it probable that their contents are composed of two differ- 
ent materials. The internal, or central part, occupying the 
axis of the tube, becomes greyish, while the outer, or cortical, 
portion, becomes opaque and dimly granular or grumous, as 
if from akind of coagulation. At the same time, the fine outline 
of the previously transparent cylindrical tube is exchanged for 
a dark double contour (fig. 30, B), the outer line being formed 
by the sheath of the fibre, the inner by the margin of curdled 
or coagulated medullary substance. The granular material 
shortly collects into little masses, which distend portions of the 
tubular membrane, while the intermediate spaces collapse, giving 
the fibres a varicose, or beaded appearance, (fig. 30, c and p,) 
instead of their previous cylindrical form. 

The difference produced in the contents of the nerve-fibres 
when exposed to the same conditions, has, with other facts, led 
to the opinion that the central part of each nerve-fibre differs 
from the circumferential portion: and the former has been 
named by Rosenthal and Purkinje (xxxiy., 1840, p. 76), the awis- 
cylinder, by Remak (xxxviii., June 1838), the primitive bund. 
The outer portion is usually called the medullary or white sub- 
stance of Schwann, being that to which the peculiar white aspect 
of cerebro-spinal nerves is principally due. The whole contents 
of the nerve-tubules appear to be extremely soft, for when sub- 
jected to pressure they readily pass from one part of the tubular 
sheath to another, and often cause a bulging at the side of the 
membrane. They also readily escape on pressure from the ex- 
tremities of the tubule, in the form of a grumous or granular 


material. 
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The size of the nerve-fibres varies, and the same fibres do 
not preserve the same diameter through their whole length, 
being largest in their course within the trunks and branches of 
the nerves, in which the majority measure from ,,3,th to,),,th 
of an inch in diameter. As they approach the brain or spinal 
cord, and generally also in the tissues in which they are distri- 
buted, they gradually become smaller. In the grey or vesi- 
cular substance of the brain and spinal cord, they generally do 
not measure more than from yoo to mio Of an inch (exiii. 
Heft. ii.). 

The fibres of the second kind, which constitute the prin- 
cipal part of the trunk and branches of the sympathetic nerves, 
and are mingled in various proportions in the cerebro-spinal 
nerves, differ from the preceding, chiefly, in their fineness, being 
only about } or } as large in their course within the trunks and 
branches of the nerves; in the absence of the double contour; 
in their contents being apparently uniform; and in their 
having, when in bundles, a yellowish-grey hue instead of the 
whiteness of the cerebro-spinal nerves. These peculiarities 
make it probable that they differ from the other nerve-fibres in 
not possessing the outer layer of white or medullary nerve- 
substance ; and that their contents are composed exclusively 
of the substance corresponding with the central portion, or 
axis-cylinder of the larger fibres. Yet since many nerve- 
fibres may be found which appear intermediate in character 
between these two kinds, and since the large fibres, as they 
approach both their central and their peripheral ends, gradually 
diminish in size, and assume many of the other characters of 
the fine fibres of the sympathetic system, it is not necessary 
to suppose that there must be a material difference in the 
office or mode of action of the two kinds of fibres.* 


* For the best account of the structure of nerve-fibres see xxy. 1842, in 
which is an analysis of the descriptions by Valentin, Henle, Remak, Pur- 
kinje, Wagner, Krause, Ehrenberg, and other continental writers; also the 
notices of more recent investigations, by Will, Hannover, Kdlliker, and others, 
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Every nerve-fibre in its course proceeds uninterruptedly 
from its origin at a nervous centre to its destination, whether 
this be at the periphery of the body, in another nervous centre, 
or in the same centre whence it issued. In the whole of its 
course, also, however long, there is no branching, or anasto- 
mosis or union with the substance of any other fibres. 

Bundles or fasciculi of fibres run together in the nerves, but 
merely lie in apposition with each other; they do not unite: 
even where the fasciculi appear to anastomose there is no 
union of fibres, but only an interchange of fibres between the 
anastomosing fasciculi.* Hence the central extremity of each 
fibre is connected with the peripheral extremity of a single 
nervous fibre only ; and this peripheral extremity is in direct 
relation with only one point of the brain, spinal cord, or other 
nervous centre ; so that, corresponding to the many millions of 
primitive fibres which are distributed to peripheral parts of the 
body, there are the same number of peripheral points of the 
body represented in the nervous centres. 

At certain parts of their course nerves form plewuses in 
which they anastomose with each other, and interchange fasci- 
culi, as in the case of the brachial and lumbar plexures. The 
object of such interchange of fibres is, probably, to give to each 
nerve passing off from the plexus a wider connection with the 
spinal cord than it would have if it proceeded to its destination 
without such communication with other nerves. Thus, since 
the brachial plexus is formed by the intermingling of fasciculi 
from the four last cervical, and the first dorsal nerves, it is 
possible that each trunk coming off from it may contain fibres 


in the subsequent reports ; and the various reports in Canstatt’s Jahresbericht 
up to 1847 ; see also Dr. Todd and Mr. Bowman in their Physiological 
Anatomy. 

* Some doubt has been lately thrown on the statement of the perfect single 
ness of each nerve-fibre from its origin to its termination ; but the evidence is 
not yet sufficient to overturn the opinion and the physiological inferences 
based upon it. For particulars respecting the occasional branching of nerve- 
fibres see Henle’s report in Canstatt’s Jahresbericht for 1847, p. 58. 
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derived from several parts of the cord intermediate between the 
roots of the fourth cervical and those of the first dorsaL By 
this means the parts supplied from the brachial plexus are 
enabled to have wider relations with the nervous centres, and 
more extensive sympathies. 

The terminations of nerve-fibres are their modes of distribu- 
tion and connection in the nervous centres, and in the parts 
which they supply: the former are called their central, the 
latter their peripheral terminations. 

As they approach their final and minutest distribution in the 
several tissues, the small bundles of nerveefibres commonly form 
delicate plexuses, the terminal plexuses. These, then dividing 
or breaking up, give off the primitive fibres, which appear to 
be disposed of in various ways in different tissues. It is ex- 
ceedingly difficult to determine how they terminate; but ex- 
amples of each of the four following modes have been observed. 
1. In loops. In this (which can only conventionally be called 
a mode of termination) each fibre, after issuing from a branch 
in a terminal plexus, runs over the elementary structures of 
the containing tissue, then turns back, and joins the same or a 
neighbouring branch, in which it probably pursues its way back 
to a nervous centre. This arrangement has been found in the 
internal ear (Hannover, exix.), in the papillae of the tongue 
(Todd and Bowman xxxix. p. 440), in the tooth pulp (Va- 
lentin, xxxix. p. 221): it probably exists, also, in the tactile 
papille of the skin, and, in a modified form, in striped muscular 
tissue. But in the latter, Wagner (exv.) and Volkmann 
(cxxvi. p. 70) assert that each ultimate fibre breaks up into 
several branches, which spread out over the muscular fibres, and, 
according to Wagner, penetrate within the sarcolemma of each 
fibril. 2. In plexuses. Thus, nerve-fibres appear to terminate 
in certain serous membranes. According to Mr. Rainey (xi. 
vol. xxix. p. 85), the arachnoid membrane of the brain and 
spinal cord is traversed by innumerable delicate nerve-fibres, 
arranged in minute plexuses; and a similar mode of arrange- 
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ment appears to be observed by the nerve-fibres in other serous 
membranes e.g. the peritoneum (Bourgery, xix. 184.5, Pappen- 
heim xviii. 1845). 3. By free ends. It is not improbable 
that this mode of termination exists in several parts, as in the 
retina, and, possibly, in the papille of the skin ; but it has been 
determined only in the Pacinian corpuscles. 

These corpuscles are little elongated, oval bodies, situated 


Fig. 31.* Fig. 32.+ 


on some of the cerebro-spinal and sympathetic nerves, especially 
the cutaneous nerves of the hands and feet (figs. 31 and 32). 


* Fig. 31, Extremities of a nerve of the finger with Pacinian corpuscles 
attached, about the natural size. Adapted from Henle and Kolliker. 

+ Fig. 82. A magnified view of a single Pacinian corpuscle, shewing its 
laminated structure, and the termination of the nerve-fibre in its central 
cavity. After Bendz (Lxxix.). 
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They are named Pacinian, after their discoverer, Pacini.* Each 
corpuscle is attached by a narrow pedicle to the nerve on which 
it is situated; it is formed of several concentric layers of fine 
membrane, with intervening spaces containing fluid ; through 
its pedicle passes a single nerve-fibre, which, after traversing 
the several concentric layers and their intermediate spaces, 
enters a central cavity, and gradually losing its dark border, 
and becoming smaller, terminates at or near the distal end of 
the cavity in a knob-like enlargement, or by bifurcating. The 
enlargement commonly found at the end of the fibre, is said by 
Pacini (cxx. 1845. p. 208) to resemble a ganglion-corpuscle ; 
but this observation has not been confirmed. 4. Another mode of 
termination of nerve-fibres has been described by Wagner (cxv.) 
as occurring in the electric organ of the ray. A large nerve- 
fibre suddenly breaks up into from twelve to fifteen branches, 
each of which again divides into two secondary branches. Some 
of these secondary branches anastomose and form a network ; 
while others divide again dichotomously, each of these branches 
again anastomosing and subdividing, until a very fine network 
is formed, from which branches pass off, and seem to be lost in 
the substance of the electric organs. 

The central termination of nerve-fibres can be better consi- 
dered after the account of the vesicular nerve-substance. 


The vesicular nervous substance is composed, as its name 
implies, of vesicles or corpuscles, which are commonly called 
nerve-corpuscles, or ganglion-corpuscles. These are found only 
in the nervous centres, 7. ¢. the brain, spinal cord, and the va- 
rious ganglia; they are mingled with nerve-fibres, and imbed- 
ded in a dimly-shaded or granular substance ; they give to the 
ganglia and to certain parts of the brain and spinal cord the 
peculiar greyish or reddish-grey aspect by which these parts are 

* See for a description of these bodies an abstract of Henle and Killiker’s 


essay on them (xxv. 1843-4, p. 46), and Mr. Bowman in the Cyclopedia of 
Anatomy and Physiology. 
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characterized. They are large nucleated cells, filled with a finely 
granular material, some of which is often dark like pigment : the 
nucleus, which is vesicular, contains a nucleolus (fig. 83). Bes 
sides varying much in shape, partly in consequence of mutual 
pressure, they present such other varieties as make it probable 
either that there are two different kinds, or that, in the stages 
of their development, they pass through very different forms. 
Some of them are small, generally spherical or ovoid, and have 
a regular uninterrupted outline (fig. 33). These simple nerve- 


Fig. 33.* Fig. 34.+ 


corpuscles are most numerous in 
the sympathetic ganglia. Others, 
which are called caudate or stellate #” 
nerve-corpuscles (fig. 34), are larger, 
and have one, two, or more long 
processes issuing from them, which 
processes often divide and subdi- 
vide, and appear tubular, and filled 
with the same kind of granular 
material as is contained within the corpuscle. Of these 


* Fig. 33. Nerve-corpuscles from a ganglion; after Valentin. In one a 
second nucleus is visible. The nucleus of several contains one or two nucleoli. 

+ Fig. 84. Stellate or caudate nerve-corpuscles, with tubular processes issu- 
ing from them. Besides being filled with granular material continuous with 
the contents of the processes, the corpuscles contain black pigment-matter. 
After Hannover (cxix.). 
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processes some appear to taper to a point, and terminate at a 
greater or less distance from the corpuscle ; others may be 
traced until each of them, gradually losing its granular appear- 
ance, becomes continuous with, and acquires all the characters 
of, a perfect nerve-fibre (fig. 35). 

It is probable that the majority of nerve-fibres, when they 
enter a nervous centre, terminate, or, perhaps, more correctly, 


originate in this mode of connection with nerve-corpuscles. As 
they enter, the fibres gradually become finer : some, possibly, 
form simple loops ; but the majority enter into connection with 
nerve-corpuscles. In the most common form of such connection, 
the outer substance of the fibre gradually disappears, the pel- 
lucid membranous sheath dilates, as if to envelope a nerve-cor- 
puscle which occupies the dilated part; the sheath again con- 
tracts, and then, unless the fibre thus ends in the corpuscle (as 
at A. fig. 35), its sheath is continued over to the other side of 
the corpuscle, and is gradually filled again with its proper sub- 
stance (fig. 35, B). 


“ Fig. 35. Connection between nerve-fibres and nerve-corpuscles; from 
the roots of a spinal nerve of the ray. After Wagner (cxv.). «a. A nerye- 
corpuscle, escaped by pressure from the capsule formed around it by the dilated 
sheath of the nerve-tubule: it shews also the gradual disappearance of the 
outer portion of the substance of the nerve as it comes into relation with the cor- 
puscles, 3B. A nervye-corpuscle enclosed within a dilated portion of the sheath 
of a nerve: part of the granular material of the corpuscle is continuous with 
the central substance of the nerve in the course of which it is inserted. 
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A prolongation of the granular substance of the corpuscle 
which thus appears to be inserted or received within the sheath 
of the fibre, extends for some distance along each part of the 
nerve-tube, taking the place of part of the proper substance of 
the fibre.* 

Among the many questions yet to be decided on this sub- 
ject of the connection of nerve-fibres with the corpuscles in the 
nervous centres, the principal are whether, in each centre, 
many fibres thus arise from corpuscles, or whether the corpus- 
cles are more generally inserted in the course of fibres that 
have some other mode of termination. In several instances 
more fibres have been counted leaving than entering a ganglion ; 
the surplus, therefore, may be supposed to arise from the gang- 
lion-corpuscles. It is, also, still to be determined whether this 
relation to ganglion-corpuscles is common to all kinds of nerve- 
fibres, or limited to those of certain functions. It does not belong 
exclusively to either the cerebro-spinal or the sympathetic 
nerves, for it has been seen in the spinal cord as well as in the 
sympathetic ganglia. Both large and small nerve-fibres, also, 
have been seen to issue from the corpuscles, and Wagner and 
Bidder mention having several times observed a fibre of both 
kinds arising from the same corpuscle. They are of opinion 
that sensitive fibres alone are brought into this intimate relation 
with nerve-corpuscles (xv. Bd. i. p.455, and exxvi), but the 
evidence for believing that the motor fibres have not a similar 
relation, is insufficient. 


* On this origin of nerve-fibres in ganglia consult Bidder and Volkmann 
(cxxvi.) ; and for nearly all that has been written on the connection of nerve- 
fibres with ganglion-corpuscles, see, in addition to Bidder’s account, Wagner 
(cxy. and xy. art. Sympathischer Nerven); Hannover (exix.); Todd and 
Bowman (xxxix.); Kolliker (exiv.); and for a summary of the observations 
of these and other physiologists refer to Henle’s report in Canstatt’s Jahres- 
bericht for 1847, p. 58. 
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Functions of Nerve-Fibres. 


The office of the nerves as simple conveyers or conductors of 
nervous impressions is of a two-fold kind. First, they serve to 
convey to the nervous centres the impressions made upon their 
peripheral extremities, or parts of their course; and in this 
way the mind, through the medium of the brain, may become 
conscious of external objects. Secondly, they serve to transmit 
impressions from the brain and other nervous centres to the 
parts to which the nerves are distributed; and these impres- 
sions seem to be of at least two kinds, those, namely, which 
excite muscular contractéons, and those which influence the 
secretion, nutritiop, and other organic functions of a part. 

For this two-fold office of the nerves two distinct sets of 
nerve-fibres are provided, in both the cerebro-spinal and sympa- 
thetic systems. Those which convey impressions from the peri- 
phery to the centre are classed together as centripetal or afferent 
nerves, or, when speaking exclusively of cerebro-spinal nerves, 
nerves of sensation, or sensitive nerves. Those fibres, on the other 
hand, which are employed to transmit central impulses to the 
muscles are classed as centrifugal, efferent, or motor nerves, or 
nerves of motion. The nervous influence by which secretion and 
nutrition are controlled seems to be conveyed (as already stated, 
pp. 291—814) along both sensitive and the centrifugal sympa- 
thetic nerves. 

With this difference in the functions of nerves, there is no 
apparent difference in the structure of the nerve-fibres by which 
it might be explained. Among the cerebrospinal nerves the 
fibres of the olfactory, optic, and auditory nerves are finer than 
those of the nerves of common sensation, and more like the 
fibres in the brain: but with these exceptions no centripetal fibres 
can be distinguished in their microscopic or general characters 
from those of motor nerves. Neither can the difference in 
functions be due to the kind of tissue to which a nerve is distri- 
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buted, for although the nerves supplying muscles are princi- 
pally motor, yet the muscular tissue contains sensitive fibres 
also, for pain is felt when it is injured, and, as will be hereafter 
shewn, much of the exactness and precision of muscular action 
is determined by the power which the muscular tissue has of 
communicating to the mind the sensation of its own contraction, 
and of the effects produced by it. 

Nerve-fibres appear to possess no power of generating force 
in themselves, or of originating impulses to action: for the 
manifestation of their peculiar endowments they require to be 
stimulated. They possess acertain property of conducting im- 
pressions, a property which has been named excitability ; but this 
is never manifested till some stimulus is applied (see pp. 35, 36). 
Under ordinary circumstances nerves of sensation are stimu- 
lated by external objects acting upon their extremities ; 
and the nerves of motion by the will, or by some force gene- 
rated in the nervous centres. But almost all things that can 
disturb the nerves from their passive state act as stimuli, and 
agents the most dissimilar produce the same kind, though not 
the same degree of effect, because that on which they act pos- 
sesses but one kind of excitable force. Thus all stimuli, as well 
the internal organic as the inorganic,—the chemical, mecha- 
nical, and electrie,—when applied to parts endowed with sen- 
sation, or to sensitive nerves (the connection of the latter with 
the brain and spinal cord being uninjured) produce sensations ; 
and when applied to the nerves of muscles excite contractions. 
Muscular contraction is produced as well when the motor nerve 
is still in connection with the brain, as when its communication 
with the nervous centres is cut off by dividing it; nerves, 
therefore, have by virtue of their excitability the property of 
exciting contractions in muscles to which they are distributed ; 
and the part of the divided motor nerve which is connected with 
the muscle, will still retain this power, however much we may 
curtail it ; but irritation of the other portion, which is in con- 
nection with the brain, never excites contractions of the muscles. 
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Mechanical irritation, when so violent as to injure the texture 
of the primitive nerve-fibres, deprives the centripetal nerves of 
their power of producing sensations when irritation is again ap- 
plied at a point more distant from the brain than the injured 
spot ; and in the same way, no irritation of a motor nerve will 
excite contraction of the muscle to which it is distributed, if the 
nerve has been compressed and bruised between the point of 
irritation and the muscle ; the effect of such an injury being 
the same as that of division. 

The action of nerves is also excited by temperature. Thus, 
when heat is applied to the nerve going to a muscle, or to the 
muscle itself, contractions are produced. These contractions are 
very violent when the flame of a candle is applied to the nerve, 
while less elevated degrees of heat,—for example, that of a 
piece of iron merely warmed,—do not irritate sufficiently to ex- 
cite action of the muscles. The application of cold has the 
same effect as heat. The effect of the local action of excessive 
or long-continued cold or heat on the nerves, is the same as that 
of destructive mechanical irritation. The sensitive and motor 
power in the part is destroyed, but the other parts of the nerve 
retain their excitability ; and, after the extremity of a divided 
herve going to a muscle has been burnt, contractions of the 
muscle may be excited by irritating the nerve below the burnt 
part. 

Chemical stimuli excite the action of both sensitive and 
motor nerves as mechanical irritants do ; provided their effect is 
not so strong as to destroy the structure of the nerve to which 
they are applied. A like manifestation of nervous power is 
produced by electricity and by magnetism. 


Some of these laws regulating the excitability of nerves, and 
their power of manifesting their functions, require further notice, 
with several others which have not yet been alluded to. Certain 
of the laws and conditions of actions relate to nerves both of 
sensation and of motion, being dependent on properties common 
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to all nerve-fibres ; while, of others, some are peculiar to nerves 
of motion, some to nerves of sensation. 

It is a law of action in all nerve-fibres, and corresponds with 
the continuity and simplicity of their course, that an impression 
made on any fibre is simply and uninterruptedly transmitted 
along it, without being imparted or diffused to any of the fibres 
lying near it. In other words, all nerve-fibres are mere con- 
ductors of impressions. Their adaptation to this purpose is, per- 
haps, due to the contents of each fibre being completely isolated 
from those of adjacent fibres by the membrane or sheath in 
which each is enclosed, and which acts, it may be supposed, 
just as silk or other non-conductors of electricity, when covering 
a wire, prevent the electric condition of the wire from being con- 
ducted into the surrounding medium. 

Nervous force travels along nerve-fibres with an immeasurable 
velocity. A certain period of time probably does elapse in the 
transit of an impression from one end of a fibre to the other ; 
but its length is inappreciable, and will probably never be ascer- 
tained, while we have not the opportunity of tracing the passage 
through distances as vast as those through which the passage of 
light is calculated. It has been supposed, indeed, that the velo- 
city is less in some persons than in others ; chiefly because the 
impression of an object on the retina is sometimes perceived 
rather later by one person than by another—the difference 
amounting to one-third, or one-half, or even a whole second. 
The cases in which this difference has been chiefly observed are 
those in which the two senses of sight and hearing are simulta- 
neously engaged in noting the exact moment at which a star 
passes before the thread crossing the field of a telescope. While 
the constant motion of the star across the field is followed 
with the eye, the ear notes each stroke of the pendulum-elock 
which stands near, marking the seconds. Now, it frequently 
happens, when two persons are thus engaged in making the 
same observation, that one of them notes the transit of the star 
later than the other; as if either the velocity with which the 
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impression of the star passes along the optic nerve were less in 
one than in the other: or, as if one nerve conveyed impressions 
more rapidly than another, so that the one person would see 
before he hears, the other hear before seeing. But, a more pro- 
bable explanation is, that both impressions are conveyed with 
the same immeasurable velocity, but the mind does not at the 
same instant take cognizance of hoth—for the mind does not 
readily perceive with equal distinctness two different simulta- 
neous impressions, but rather, when several impressions are 
made on the nerves at the same time, takes cognizance of only 
one at a time, and perceives the rest in succession. When, 
therefore, both hearing and sight are directed simultaneously to 
different objects, the mind may first hear and then see, and the 
interval of time between the two perceptions may be greater in 
some persons than in others; or some persons may be conscious 
at the same moment of many impressions, between which others 
require a considerable interval. 

No nerve-fibre can convey more than one kind of impression, 
Thus, a motor fibre can convey only motor impulses, that is, 
such as may produce movements in contractile parts : a sensi- 
tive fibre can transmit none but such as may produce sensation 
if they are propagated to the brain. Moreover, the fibres of a 
nerve of special sense, as the optic or auditory, can convey only 
such impressions as may produce a peculiar sensation, e. g. that 
of light or sound. While the rays of light, and the sonorous 
vibrations of the air, are without influence on the nerves of com- 
mon sensation, the other stimuli, which may produce pain when 
applied to them, produce, when applied to these nerves of special 
sense, only morbid sensations of light, or sound, or taste, ac- 
cording to the nerve impressed. 


Of the laws of action peculiar to nerves of sensation and of 
motion respectively, many can be ascertained only by experi- 
ments on the roots of the nerves, For, it is only at their origin 
that the nerves of sensation and of motion are distinct ; their 
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filaments, shortly after their departure from the nervous centres, 
are mingled together, so that nearly all nerves, except those of 
the special senses, consist of both sensitive and motor filaments, 
and are hence termed mixed nerves. 

Among the laws of action of nerves of sensation is, 1st, 
that these nerves appear able to convey impressions only from 
the parts in which they are distributed, towards the nervous 
centre from which they arise, or to which they tend. Thus, 
when a sensitive nerve is divided, and irritation is applied to 
the end of the proximal portion, @. e., of the portion still con- 
nected with the nervous centre, sensation is perceived, or a re- 
flex action ensues; but, when the end of the distal portion of 
the divided nerve is irritated, no effect appears. The absence 
of effect in the latter case is, perhaps, not to be ascribed to the 
distal portion of the nerve being completely cut off from connec- 
tion with a nervous centre, for it may contain fibres which, 
after reaching their destination, return through loops back to a 
nervous centre: rather, it may be believed, that the sensitive 
fibres cannot convey impressions in any direction except towards 
the nervous centres. 

When an impression is made upon any part of the course of 
a sensitive nerve, the mind may perceive it as if it were made 
not only upon the point to which the stimalus is applied, but 
also upon all the points in which the fibres of the irritated nerve 
are distributed : in other words, the effect is the same as if the 
irritation were applied to the parts supplied by the branches of 
the nerve. When the whole trunk of the nerve is irritated, the 
sensation is felt at all the parts which receive branches from it : 
but, when only individual portions of the trunk are irritated, 
the sensation is perceived at those parts only which are sup- 
plied by the several portions. Thus, if we compress the ulnar 
nerve where it lies at the inner side of the elbow-joint, behind 
the internal condyle, we have the sensation of ‘pins and 
needles,” or of a shock, in the parts to which its fibres are dis- 
tributed ; namely, in the palm and back of the hand, and in the 
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fifth and ulnar half of the fourth finger. When stronger pres- 
sure is made, the sensations are felt in the fore-arm also; and, 
if the mode and direction of the pressure be varied, the sensa- 
tion is felt by turns in the fourth finger, in the fifth, in the palm 
of the hand, or in the back of the hand, according as different 
fibres or fasciculi of fibres are more pressed upon than others. 

It is in accordance with this law, that when parts are de- 
prived of sensibility by compression or division of the nerve sup- 
plying them, irritation of the portion of the nerve connected 
with the brain still excites sensations which are felt as if de- 
rived from the parts to which the peripheral extremities of the 
nerve-fibres are distributed. Thus, there are cases of paralysis 
in which the limbs are totally insensible to external stimuli, 
yet are the seat of most violent pain, resulting, apparently, 
from irritation of the sound part of the trunk of the nerve still 
in connection with the brain, or from irritation of those parts of 
the nervous centre from which the sensitive nerve or nerves sup- 
plying the paralysed limbs originate. 

An illustration of the same law is also afforded by the cases 
in which division of a nerve for the cure of neuralgic pain is 
useless, and in which the pain continues or returns, though por- 
tions of the nerve be removed. In such cases, the disease is 
probably seated nearer the nervous centre than the part at 
which the division of the nerve is made, or it may be in the 
nervous centre itself, When the cause of the neuralgia is seated 
in the trunk of the nerve,—for example, of the facial or infra- 
orbital nerve,—division of the branches can be of no service ; 
for the stump remaining in connection with the brain, and con- 
taining all the fibres distributed in the branches of the nerve to 
the skin, continues to give rise, when irritated, to the same 
sensations as are felt when the peripheral parts themselves are 
affected. Division of a nerve prevents the possibility of external 
impressions on the cutaneous extremities of its fibres being felt ; 
for these impressions can no longer be communicated to the 
brain: but the same sensations which were before produced by 
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external impressions may arise from internal causes. In the 
same way may be explained the fact that when part of a limb 
has been removed by amputation, the remaining portions of the 
nerves which ramified in it may give rise to sensations which the 
mind refers to the lost part. When the stump and the divided 
nerves are inflamed, or pressed, the patient complains of pain felt 
as if in the part which has been removed. When the stump is 
healed, the sensations which we are accustomed to have in a 
sound limb are still felt ; and tingling and pains are referred to 
the parts that are lost, or to particular portions of them, as, to 
single toes, to the sole of the foot, to the dorsum of the foot, &e. 

But (as Volkmann shews) it must not be assumed, as it often 
has been, from these examples, that the mind has no power of 
discriminating the very point in the length of any nerve-fibre to 
which an irritation is applied. Even in the instances referred 
to, the mind perceives the pressure of a nerve at the point of 
pressure, as well as in the seeming sensations derived from the 
extremities of the fibres: and in stumps, pain is felt in the 
stump as well as, seemingly, in the parts removed. In the 
natural state of parts, also, the mind discerns the very part of a 
neryve-fibre that is irritated. Thus, if a needle’s point be drawn 
in a straight line across the back, or the thigh, or any part in 
which nerve-fibres are widely placed, the mind perceives the 
line of irritation as a straight one ; whereas, if it referred all im- 
pressions to the ends of irritated fibres, this mode of irritation 
should be felt in sensations variously scattered about the line, in 
the points at which the nerve-fibres crossed by the needle ter- 
minate. So, in the case of the retina, it is certain that its whole 
inner surface is not so covered with the ends of nerve-fibres that 
the images of any two points or lines which appear distinct 
must always fall on different fibres; but if, in any case, the 
two images fall on different parts of the same fibres, and the 
mind perceives them as distinct objects, it must be because the 
mind can discern the very point or points of a nerve-fibre on 
which an impression falls. 
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The conclusion from both these sets of facts may be, that in 
the natural state of parts, and on the application of ordinary 
stimuli, the mind can so distinctly discern an impression made 
on any point in the length of a nerve-fibre as to refer it to that 
point, and, even when, as in the case of impressions on the re- 
tina, two or more are made at the same instant on different 
points of the same fibre, can discriminate and perceive them 
both as distinct and as proceeding from definitely related ob- 
jects ; but that in morbid states of the nerves, and, in the case 
of unusual stimuli, the impressions made on nerve-fibres in their 
course are referred by the mind rather to the parts from which 
it is in the habit of receiving impressions through those nerves, 
than to the parts of the nerve-fibres on which the stimulus or 
irritation is applied. 

The habit of the mind to refer impressions received through 
the sensitive nerves to the parts from which impressions through 
those nerves are, or were, commonly received, is further exem- 
plified when the relative position of the peripheral extremities of 
sensitive nerves is changed artificially, as in the transposition of 
portions of skin. When, in the restoration of a nose, a flap of 
skin is turned down from the forehead and made to unite with 
the stump of the nose, the new nose thus formed has, as long as 
the isthmus of skin by which it maintains its original connec- 
tions remains undivided, the same sensations as if it were still 
on the forehead ; in other words, when the nose is touched the 
patient feels the impression as if it were derived from the fore- 
head. When the communication of the nervous fibres of the 
new nose with those of the forehead is cut off by division of the 
isthmus of skin, the sensations are no longer referred to the 
forehead ; the sensibility of the nose is at first absent, but is 
gradually developed. 

When, in a part of the body which receives two sensitive 
nerves, one is paralysed, the other is inadequate to maintain the 
sensibility of the entire part ; the extent to which the sensibility 
is preserved corresponds to the number of the fibres unaffected 
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by the paralysis. This is a consequence of the isolation and 
simplicity of the several nerve-fibres, so that, as already ob- 
served, even when nerves appear to anastomose, their several 
fibres continue separate and distinct, as isolated conductors of 
impressions. Thus, when the ulnar nerve, which supplies the 
fifth and a part of the fourth finger is divided, the sensibility of 
those parts is not supplied through the medium of the branches 
which the ulnar derives from the median nerve; but the fourth 
and fifth fingers are permanently deprived of sensibility. 


Several of the laws of action in motor nerves correspond with 
the foregoing. Thus, the motor influence is propagated only in 
the direction of the fibres going to the muscles ; by irritation of 
a motor nerve, contractions are excited in all the muscles sup- 
plied by the branches given off by the nerve below the point iri- 
tated, and in those muscles alone: the muscles supplied by the 
branches which come off from the nerve at a higher point than 
that irritated, are never directly excited to contractions. No 
contraction, for instance, is produced in the frontal muscle by 
irritating the branches of the facial nerve that ramify upon the 
face ; because that muscle derives its motor nerves from the 
trunk of the facial previous to these branches. So, again, 
because the isolation of motor nerve-fibres is as complete as 
that of sensitive ones, the irritation of a part of the fibres 
of a motor nerve does not affect the motor power of the whole 
trunk, but only that of the portion to which the stimulus 
is applied. And it is because of the same fact that when a 
motor nerve enters a plexus, and contributes with other nerves 
to the formation of a nervous trunk proceeding from the plexus, 
it does not impart motor power to the whole of that trunk, but 
only retains it isolated in the fibres which form its continuation 
in the branches of that trunk. 
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Functions of Nervous Centres. 


As already observed (p. 357), the term nervous centre is 
applied to all those parts of the nervous system which contain 
ganglion-corpuscles, or vesicular nerve-substance, 7. e. the brain, 
spinal cord, and the several ganglia which belong to the cere- 
bro-spinal and the sympathetic systems. Hach of these nervous 
centres has a proper range of functions, the extent of which bears 
a direct proportion to the number of nerve-fibres that connect it 
with the various organs of the body, and with other nervous 
centres; but they all have certain general properties and modes 
of action common to them as nervous centres. 

It is generally regarded as the property of nervous centres, 
that they originate the impulses by which muscles may be ex- 
cited to action, and by which the several functions of organic 
life may be maintained. Hence, they are often called sources 
or originators of nervous power or force. But, the instances in 
which these expressions can be strictly used are few. It is 
possible that the ganglia of the heart are the spontaneous 
sources of the nervous force that excites its rythmical contrac- 
tions ; that the medulla oblongata may originate the force ex- 
citing the co-ordinate and adapted acts of the first respirations ; 
and that from the spinal cord is derived the foree under which 
the sphincter ani is held in uniform contraction ; but with these 
exceptions (if they are such) few or no motor impulses pro- 
ceed spontaneously from the nervous centres.* The brain does 
not issue any, except when itself impressed by the will, or 
stimulated by an impression from without; neither without 
such previous impressions do the other nervous centres produce 
or issue motor impulses. The intestinal ganglia, for example, 
do not give out the nervous force necessary to the contractions 
of the intestines except when they receive, through their centri- 


* The case of that modification of ¢one which consists in a permanent, and 
seemingly passive, slight contraction of the muscles is not here in view. 
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petal nerves, the stimuli of substances in the intestinal canal. 
So, also, the spinal cord; for a decapitated animal lies motion- 
less so long as no irritation is applied to its centripetal nerves, 
though the moment it is touched movements ensue. 

The more certain and general office of all the nervous centres 
is that of variously disposing and transferring the impressions 
that reach them through their several centripetal nerve-fibres. 
In nerve-fibres, as already said, impressions are only conducted 
in the simple isolated course of the fibre: in all the nervous 
centres an impression may be not only conducted, but also com- 
municated: in the brain alone it may be perceived (see p. 37). 

Conduction in or through nervous centres may be thus sim- 
ply illustrated. The food in a given portion of the intestines, 
acting as a stimulus, produces a certain impression on the 
nerves in the mucous membrane, which impression is conveyed 
through them to the adjacent ganglia of the sympathetic. In 
ordinary cases, the consequence of such an impression on the 
ganglia is the movement of the muscular coat of that and the 
near adjacent portions of the canal. But, if irritant substances 
be mingled with the food, the sharper stimulus produces a 
stronger impression, and this is conducted through the nearest 
ganglia to others more and more distant ; and from all these, 
motor impulses issuing excite a wide-extended and more forcible 
action of the intestines. Or, even through all the sympathetic 
ganglia, the impression may be further conducted to the ganglia 
of the spinal nerves, and through them to the spinal cord, 
whence may issue motor impulses to the abdominal and other 
muscles, producing cramp. And yet further, the same morbid 
impression may be conducted through the spinal cord to the brain, 
where the mind may perceive it. In the opposite direction, 
mental influence may be conducted from the brain, through a 
succession of nervous centres—the spinal cord and ganglia, and 
one or more ganglia of the sympathetie—to produce the influence 
of the mind on the digestive and other organic functions. In 
short, in all cases in which the mind either has cognizance of, or 


FUNCTIONS OF NERVOUS CENTRES. oie 


exercises influence on, the processes carried on in any part sup- 
plied with sympathetic nerves, there must be a conduction of 
impressions through all the nervous centres between the brain 
and that part. It is probable that in this conduction through 
nervous centres the impression is not propagated through unin- 
terrupted nerve-fibres, but is conveyed through successive nerve- 
vesicles and connecting nerve-filaments. In some instances, 
and when the stimulus is exceedingly powerful, the conduction 
may be effected as quickly as through continuous nerve-fibres ; 
but with less stimulus it may occupy some minutes in its transit. 
Thus, e. g. in stimulating the semilunar ganglia of the stomach, 
movements slowly ensue in the stomach ; on touching the heart, 
all its fibres very soon contract, yet not in that instantaneous 
manner in which the fibres of a voluntary muscle contract when 
its nervous trunk is irritated. 

But instead of being conducted, or at the same time, im- 
pressions made on nervous centres may be communicated from 
the fibres that brought them, to others; and in this communi- 
cation may be either transferred, diffused, or reflected. 

The transference of impressions may be illustrated by the 
pain in the knee, which is a common sign of disease of the hip. 
Here the impression made by the disease on the nerves of the 
hip-joint, is conveyed to the spinal cord; there it is transferred 
to the central ends or connections of the nerve-fibres of the 
knee-joint. Through these the transferred impression is con- 
ducted to the brain, and the mind, referring the sensation to the 
part from which it usually through these fibres receives impres- 
sions, feels as if the disease and the source of pain were in the 
knee. At the same time that it is transferred, the primary 
impression may be also conducted, and in this case, pain is felt 
in both the hip and the knee. So, not unfrequently, if one 
touches a small pimple that may be seated in the trunk, a 
pain will be felt in as small a spot on the arm, or some other 
part of the trunk. And so, in whatever part of the respiratory 
organs an irritation may be seated, the impression it produces 
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is transferred to nerves of the larynx; and then the mind per- 
ceives the peculiar sensation of tickling in the glottis which best, 
or almost alone, excites the act of coughing. Or, again, 
when the sun’s light falls strongly on the eye, a tickling may 
be felt in the nose, exciting sneezing. In all these cases the 
primary impression may be conducted as well as transferred ; 
and in all it is transferred to a certain set of nerves which 
generally appear to be in some purposive relation with the 
nerves first impressed. 


The diffusion or radiation of impressions is shewn when an 
impression received at a nervous centre is diffused to many 
other fibres in the same centre, and produces sensations extend- 
ing far beyond, or in an indefinite area around, the part from 
which the primary impression was derived. Hence, as in the 
former cases, result various kinds of what have been denomi- 
nated sympathetic sensations. Sometimes such sensations are 
referred to almost every part of the body; as in the shock and 
tingling of the skin produced by some startling noise. Some- 
times only the parts immediately surrounding the point first 
irritated participate in the effects of the irritation: thus, the 
aching of a tooth may be accompanied by pain in the adjoining 
teeth, and in all the surrounding parts of the face; the ex- 
planation of such a case being, that the irritation conveyed to 
the brain by the nerve-fibres of the diseased tooth is radiated 
to the central ends of adjoining fibres, and that the mind per- 
ceives this secondary impression as if it were derived from the 
peripheral ends of the fibres. Thus, also, the pain of a calculus 
in the ureter is diffused far and wide. 


All the preceding examples represent impressions commu- 
nicated from one sensitive fibre to others of the same kind ; or 
from fibres of special sense to those of common sensation. A 
similar communication of impressions from sensitive to motor 
fibres, constitutes reflection of impressions, displays the import- 
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ant function common to all nervous centres as reflectors, and 
produces reflex movements. In the extent and direction of such 
communications also, phenomena corresponding to those of 
transference and diffusion to sensitive nerves, are observed in 
the phenomena of reflection. For, as in transference, the re- 
flection may take place from a certain limited set of sensitive 
nerves, to a corresponding and related set of motor nerves; as 
when, in consequence of the impression of light on the retina, 
the iris contracts, but no other muscle moves. Or, as in dif- 
fusion or radiation, the reflection may bring widely-extended 
muscles into action ; as when an irritation in the larynx brings 
all the muscles engaged in expiration into coincident movement. 

It will be necessary to consider in detail so many of the 
instances of the reflecting power of the several nervous centres, 
that it may be sufficient here to mention only the most general 
tules of reflex action. 

1. For the manifestation of every reflex action, three things 
are necessary: first, one or more perfect centripetal nerve- 
fibres, to convey an impression ; 2ndly, a nervous centre to 
which this impression may be conveyed, and in which it may 
be reflected; Srdly, one or more centrifugal nerve-fibres, upon 
which this impression may be reflected, and by which it may 
be conducted to the contracting tissue. In the absence of either 
of these three conditions, a proper reflex movement could not 
take place ; and whenever impressions made by external stimuli 
on sensitive nerves give rise to motions, these are never the 
result of the direct reaction of the sensitive and motor fibres of 
the nerves on each other; in all such cases the impression is 
conveyed by the sensitive fibres to a nervous centre, and is 
therein communicated to the motor fibres. 

2. All reflex actions are essentially involuntary ; all may be 
accomplished independent of the will, though most of them ad- 
mit of being modified, controlled, or prevented by a voluntary 
effort. All are perfectly performed without education or pre- 
vious experience, although some, as coughing, and the like, are 
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not well performed unless the will have previously made some 
preparatory movement. 

3. All reflex actions performed in health have a distinct pur- 
pose, and are adapted to secure some end desirable for the well- 
being of the body; but, in disease many of them are irregular 
and purposeless. As an illustration of the first point may be 
mentioned movements of the digestive canal, the respiratory 
movements, the contraction of the eyelids and the pupil to exclude 
many rays of light when the retina is exposed to a bright glare. 
These, and all other normal reflex acts afford, also, examples of 
the mode in which the nervous centres combine and arrange co- 
ordinately the actions of the nerve-fibres, so that many muscles 
may act together for the common end. Another instance of the 
same kind is furnished by the spasmodic contractions .of the 
glottis on the contact of carbonic acid, or any foreign substance, 
with the internal surface of the epiglottis or larynx. Examples 
of the purposeless, irregular nature of morbid reflex actions are 
seen in the convulsive movements of epilepsy, and in the spasms 
of tetanus and hydrophobia. 

4. Reflex muscular acts are commonly more sustained than 
those produced by the direct stimulus of muscular nerves. As 
Volkmann relates (Lxxx. 1845), the irritation of a muscular 
organ, or its motor nerve, produces contraction lasting only so 
long as the irritation continues ; but irritation applied to a ner- 
vous centre through one of its centripetal nerves excites reflex 
and harmonious contractions, which last some time after the 
withdrawal of the stimulus. 


CEREBRO-SPINAL NERVOUS SYSTEM. 


The physiology of the cerebro-spinal nervous system includes 
that of the spinal cord, medulla oblongata and brain, of the 
several nerves given off from each, and of the ganglia on those 
nerves. It will be convenient to speak first of the spinal cord 
and its nerves. 


THE SPINAL CORD. an 


Spinal Cord and its Nerves. 


The spinal cord is a cylindriform column of nerve-substance, 
connected above with the brain through the medium of the 
medulla oblongata, terminating below, about the first or second 
lumbar vertebra, in a slender filament of grey or vesicular sub- 
stance, the jilwm terminale, which lies in the midst of the roots 
of many nerves forming the cawda equina. The cord is com- 
posed of fibrous and vesicular nervous substance, of which the 
former is situated externally, and constitutes its chief portion, 
while the latter occupies its central or axial portion, and is so 
arranged that on the surface of a transverse section of the cord 
it appears like two somewhat crescentic masses connected to- 
gether by a narrower portion, or isthmus. 


The spinal cord consists of two exactly symmetrical halves 
united in the middle line by a commissure, but separated ante- 
riorly and posteriorly by a vertical fissure ; the posterior fissure 
being deeper, but less wide and distinct than the anterior, Each 
half of the spinal cord is marked on the sides (obscurely at the 
lower part, but distinctly above,) by two longitudinal furrows, 
which divide it into three portions, columns, or tracts, an ante- 
rior, middle or lateral, and posterior. From the groove be- 
tween the anterior and lateral columns spring the anterior roots 
of the spinal nerves ; and just in front of the groove between the 
lateral and posterior column arise the posterior roots of the 
same: a pair of roots on each side corresponding to each ver- 
tebra. 

The fibrous part of the cord contains continuations of the in- 
numerable fibres of the spinal nerves issuing from it, or entering 
it; but is, probably, not formed of them exclusively; nor a 
mere trunk, like a great nerve, through which they may pass to 
the brain. It is, indeed, among the most difficult things in 
structural anatomy to determine the course of individual nerve- 
fibres through even a short distance of the spinal cord: yet it 
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appears nearly sure that most or all of the fibres of the roots of 
the spinal nerves terminate in some part of the cord near that in 
which they first appear connected with it, and do not proceed 
through it in simple and uninterrupted continuity to the brain. 
The majority of these fibres, when traced into the cord from the 
roots of the nerves, appear to pass in a longitudinal direction ; and 
the substance of the cord, after being hardened in spirit, admits of 
being broken up into longitudinal laminz, and cannot without 
much force be split obliquely or transversely.* But the distance 
to which the fibres composing the lamine run longitudinally from 
their entrance into the cord is unknown, and probably, by such 
means as we at present possess, is not determinable. But that 
they do not pass up to the brain is rendered probable by several 
circumstances. First, if all, or many of them did so, the thick- 
ness of the spinal cord ought to increase from below upwards, in 
the same proportion as fresh fasciculi of fibres are added to it by 
each pair of spinal nerves ; and the portion nearest the medulla 
oblongata ought to be thicker than any part below it. But no 
such progressive increase of thickness is observed: the upper 
part of the cervical portion of the cord is smaller than the lower 
part ; and both it and the middle of the dorsal portion are 
smaller than the lumbar portion. The general rule respecting 
the size of different parts of the cord appears to be, that the size 
of each part bears a direct proportion to the size and number 
of nerve-roots given off from itself, and has no relation to the 
size or number of those given off below it. Thus, the cord is 
very large in the middle and lower part of its cervical portion, 
whence arise the large nerve-roots for the formation of the 
brachial plexuses and the supply of the upper extremities, and 
again enlarges at the lowest part of its dorsal portion and 
the upper part of its lumbar, at the origins of the large nerves 


*“ But there may be a fallacy in this observation, for it may be that most 
of the fibres pass transyersely in the cord, but lie in vertical planes; as in the 
fangs of teeth, which split most easily in the longitudinal direction, though 
all the dentine-tubes, like fibres, run transyersely to the axis. 
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which, after forming the lumbar and sacral plexuses, are distri- 
buted to the lower extremities. 

That such enlargements, occurring at parts of the cord which 
give off nerves of unusual size, are due to actual increase of 
nervous substance, has been proved by Volkmann (xv. art. 
Nervenphysiologie). He weighed four pieces of a horse’s spinal 
cord, each seven centimetres long, and taken respectively from 
below the second, the eighth, the nineteenth, and the thirtieth 
pairs of nerves, and found that their weights, in this order, were 
219, 293, 163, and 281 grains. On measurement he found that 
the areas of the transverse sections of the grey matter in them 
were (in the same order) 13, 28, 11, and 25 square lines; and 
those of the white matter 109, 142, 89, and 121 square lines, 
It thus appeared that the quantity of white or fibrous substance 
of the cord is absolutely less at the cervical than at the lowest 
part of the lumbar portion; which it could not be, if the cord 
in its progress from below upwards retained any quantity of the 
fibres successively received from the roots of the spinal nerves. 
On the other hand, the enlargement and increased weight of the 
cord at parts exactly corresponding to the origin of the larger 
and most numerous nerves, and its diminution immediately 
above and below such parts, make it most probable that the 
fibres composing the roots of those nerves arise directly from the 
largest parts of the cord, and not from any parts higher up, 

Moreover, the appearances of transverse sections of the cord 
indicate that many fibres pass inwards towards the centre of 
the cord, either directly or more or less obliquely. Many of the 
fibres thus passing may be commissural, 7. ¢. fibres connecting 
different parts of the cord, and having no direct connection with 
the nerve-roots: and the observations of Stilling and Wallach 
(eLvii.) may be fallacious because of the low magnifying 
powers they employed; but the appearance of fibres passing 
from the nerve-roots transversely into the substance of the 
cord, is too clear to be deceptive. They appear to pass into the 
grey substance of the cord; and the probability that they do so 
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is increased by the finding in all parts of the grey substance 
such nerve-vesicles as give origin to nerve-fibres (Kolliker, 
exiy. ; Hannover, cxix.; and others). 

It may be added, that there is no sufficient evidence for the 
supposition that an uninterrupted continuity of nerve-fibres is 
essential to the conduction of impressions on the spinal nerves 
to and from the brain: such impressions may be as well trans- 
mitted through the nerve-vesicles of the cord and the filaments 
connecting them. 

On these grounds it will be assumed in what follows, that 
the fibres of the roots of the spinal nerves terminate in, or are 
connected with, nerve-corpuscles not far from the parts of the 
cord at which they severally penetrate it; and that, therefore, 
the connection of function between the brain and spinal nerves 
is maintained almost exclusively by means of grey nervous sub- 
stance, or of fibres which are placed as commissures or connectors 
between the brain and medulla oblongata, and the several parts 
of the spinal cord.* 


The nerves of the spinal cord consist of thirty-one pairs, 
issuing from the sides of the whole length of the cord; their 
numbers corresponding with the intervertebral foramina through 
which they pass. Each nerve arises by two roots, an anterior 
and posterior, the latter being the largest. The roots emerge 
through separate apertures of the sheath of dura mater sur- 
rounding the cord; and directly after their emergence, while the 
roots lie in the intervertebral foramen, a ganglion is formed on 
the posterior root. The anterior root lies in contact with the 
anterior surface of the ganglion, but none of its fibres inter- 
mingle with those in the ganglion. But immediately beyond 
the ganglion, the two roots coalesce, and, by the mingling of 
their fibres, form a compound or mixed spinal nerve, which, 


* On the anatomy of the spinal cord consult any of the principal systematic 
treatises; or Grainger (crii.); Todd (xxiii. art. Nervous centres); Longet 
(cxxxvi.); Stilling and Wallach (crvii.). 
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after issuing from the intervertebral canal, divides into an an- 
terior and posterior branch, each containing fibres from both the 
roots. 

The anterior root of each spinal nerve arises by numerous 
separate and converging fasciculi from the anterior column of the 
cord; the posterior root by more numerous parallel fasciculi, 
from the posterior column, or, rather, from the posterior part of 
the lateral column ; for if a fissure be directed inwards from the 
groove between the middle and posterior columns, the posterior 
roots will remain attached to the former. The anterior roots of 
each spinal nerve consist, exclusively, of motor fibres ; the pos- 
terior as exclusively of sensitive fibres. For the knowledge of 
this important fact, and much of the consequent progress of the 
physiology of the nervous system, science is indebted to Sir 
Charles Bell. It is proved in various ways. Division of the 
anterior roots of one or more nerves is followed by complete loss 
of motion in the parts supplied by the fibres of such roots; but 
the sensation of the same parts remains perfect. Division of 
the posterior roots destroys the sensibility of the parts supplied 
by their fibres, while the power of motion continues unimpaired. 
Moreover, irritation of the ends of the distal portions of the 
divided anterior roots of a nerve excites muscular movements ; 
irritation of the ends of the proximal portions, which are still in 
connection with the cord, are followed by no effect. Irritation of 
the distal portions of the divided posterior roots, on the other 
hand, produces no muscular movements, and no manifestation of 
pain ; for, as already stated, sensitive nerves convey impressions 
only towards the nervous centres : but irritation of the proximal 
‘portions of these roots elicits signs of intense suffering. Ocea- 
sionally, also, under this last irritation, muscular movements 
sensue ; but these are either voluntary, or the result of the irri- 
‘tation being reflected from the sensitive to the motor fibres, 

As an example of the experiments of which the preceding 
ypragraph gives a summary account, this may be mentioned ; 
\It in a frog the three posterior roots of the nerves going to the 
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hinder extremity be divided on the left side, and the three an- 
terior roots of the corresponding nerves on the right side, the 
left extremity will be deprived of sensation, the right of motion. 
If the foot of the right leg, which is still endowed with sen- 
sation but not with the power of motion, be cut off, the frog 
will give evidence of feeling pain by movements of all parts of 
the body except the right leg itself, in which he feels the pain. 
If, on the contrary, the foot of the left leg which has the power 
of motion, but is deprived of sensation, is cut off, the frog does 
not feel it, and no movement follows except the twitching of 
the muscles irritated by cutting them or their tendons. 


Functions of the Spinal Cord. 


The spinal cord manifests all the properties already assigned 
to such centres (see p. 371). 

1. It is capable of conducting impressions, or states of nerv- 
ous excitement. Through it, all the impressions made upon 
the peripheral extremities or other parts of the spinal sensitive 
nerves are conducted to the brain, where alone they can be 
perceived by the mind. Through it, also, the stimulus of the 
will, applied to the brain, is capable of exciting the action of 
the muscles supplied from it with motor nerves. And for all 
these conductions of impressions to and fro between the brain 
and the spinal nerves, the perfect state of the cord is necessary ; 
for when any part of it is destroyed, and its communication 
with the brain is interrupted, impressions on the sensitive 
nerves given off from it below the seat of injury, cease to be 
propagated to the brain; and the mind loses the power of 
voluntarily exciting the motor nerves proceeding from the por- 
tion of cord isolated from the brain. 

Illustrations of this are furnished by various examples of 
paralysis, but by none better than by the common paraplegia, 
or loss of sensation and voluntary motion in the lower part of 
the body, in consequence of destructive disease or injury of a 
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portion, including the whole thickness, of the spinal cord. Such 
lesions destroy the communication between the brain and all 
parts of the spinal cord below the seat of injury, and conse- 
quently cut off from their connection with the mind, the 
various organs supplied with nerves issuing from those parts of 
the cord. But, if this lower portion of the cord preserves its 
integrity, the various parts of the body supplied with nerves 
from it, though cut off from the brain, will nevertheless be 
subject to the influence of the cord, and, as presently to be 
_ shewn, will indicate its other powers as a nervous centre. 

From what has been already said, it will appear probable 
that the conduction of impressions along the cord is effected (at 
least for a part of the distance) through the grey substanee, 
i.e. through the nerve-corpuscles and filaments connecting them. 
But there is reason to believe that all parts of the cord are not 
valike able to conduct all impressions ; and that, rather, as there 
sare separate nerve-fibres for motor and for sensitive impressions, 
‘so, in the cord, separate and determinate parts serve to conduct 
ithe same impressions. The consideration of this point involves 
ithe question of the functions of the columns of the cord. The 
question is whether the anterior and posterior columns corre- 
‘spond to the anterior and posterior roots respectively ; whether 
the anterior columns contain only motor, the posterior only 
sensitive fibres. It was difficult to decide this, even when it 
‘was supposed that the fibres of the roots of the nerves were 
continued uninterruptedly to the brain; and the difficulty is 
much increased if we believe that they are not so continued, 
and that conduction may take place as well through the grey 
substance of the cord as through its fibres. 

Experiments, especially those of Longet (exxxvi.) and Van 
Deen (cLviii.), have shewn that irritations of the anterior co- 
sumns of the spinal cord are followed by convulsive movements 
f all the parts supplied with motor nerves from and below 
she irritated part, but give rise to no manifestations of pain: 
vhile irritation of the posterior columns appears to cause excru- 
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tiating pain, without producing any muscular movement besides 
such as may be the result of volition, or the reflection of the 
stimulus from the irritated cord to the roots of motor nerves. 
Again, when the spinal cord is completely divided, irritation of 
the posterior columns of the lower part, which is cut off from the 
brain, produces no effect: irritation of the anterior columns 
of the same part excites violent movements. And, in the same 
experiment, irritation of the divided anterior columns of the 
portion of the cord still connected with the brain produces no 
effect ; but irritation of the divided posterior columns of the same 
portion produces acute pain and reflex movements (Longet). 
Again, when both the anterior columns of the cord are divided, 
the power of voluntary movement over the parts supplied with 
nerves below the point of division is completely lost: the 
sensibility of the same parts being unimpaired. When both 
posterior columns are divided, sensation in the parts sup- 
plied by nerves from below the injured point is lost, while 
the power of movement over such parts remains perfect (Van 
Deen). 

The results of these experiments would seem to prove that the 
effects of the division of the anterior or posterior columns of the 
cord are exactly the same as those of division of the anterior or 
posterior roots of the spinal nerves, and that therefore one might 
be justified in calling the anterior the motor, and the posterior the 
sensitive, columns of the cord. Yet there are reasons for hesita- 
tion. For the posterior roots of the spinal nerves are connected 
(as already stated) not with the posterior columns, but with the 
posterior part of the lateral columns ; and neither the injuries in 
experiments, nor the results of disease, can be so precisely 
limited as to discern the difference of the effects of injury of the 
posterior columns, from those of the immediately-adjacent por- 
tions of the lateral columns. Neither is it likely that the fibres 
of the columns are the sole, or even the principal, conductors of 
impressions: at the most, therefore, we should not be justified 
in assuming more than that the sensitive half of the cord corre- 
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sponds with the sensitive roots, the anterior with the motor. 
And even this statement, though there may be little doubt of 
its general truth, should be held as likely to require modifica- 
tions : for the results of diseases and injuries of different parts of 
the human cord are not always in accordance with it. Though 
many cases have seemed confirmatory of it,* yet some have 
been observed directly contrary to it; cases, for example, of 
which complete loss of motion, without any impairment of sen- 
sation, was an accompaniment of lesion of the posterior columns 
of the cord, the anterior being apparently entire (Stanley, xxi. 
» vol. xxiii. ; Webster, xi. vol. xxvi.). 

The foregoing observations have related only to the conduc- 
tion of impressions along the cord ; they may also be conducted 
‘in some directions across it. Thus, if the brain and medulla 
oblongata be removed, irritation of either posterior column of the 
‘upper end of the cord will cause general movements of muscles, 
‘the impression being conveyed across to the anterior columns 
‘and roots; for the movements do not happen if the anterior roots 
are divided. If one half of the cord be divided at a certain part, 
rand the other half at a certain distance from that part, impres- 
ssions (at least, sensitive ones) may be conducted through the 
intermediate portion of the cord from one side to the other (Van 
Deen) ; and this may be effected though only a portion of the 
grey substance be left to connect the portions of cord above and 
celow. But impressions do not seem to be conveyed from the 
anterior columns to the posterior, nor from one anterior column 
‘0 the other; so that, as in the case already cited from Begin, 
ifter the division of one anterior column, including the anterior 


* See especially a case, by Begin, quoted, with others, by Longet (exxxvi. 
jol. i. p. 381). Aman was stabbed at the back of the neck, and the point of 
the knife passed obliquely forwards between the sixth and seventh cervical 
‘ertebra, dividing the corresponding antero-lateral and anterior columns of the 
ord on the right side. During the six days in which he survived the injury 
nere existed a complete paralysis of motion in the right lower extremity, and 
acomplete paralysis of motion in the right upper extremity, but sensibility 
as perfect. 
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part of the grey matter in it, the will has no power over 
the muscles deriving nerves from or below the injured part of 
the column.* 


2. In the second place, the spinal cord as a nervous centre, or 
rather as an aggregate of many nervous centres, has the power 
of communicating impressions from fibre to fibre in the several 
ways already mentioned (p. 372). 

Examples of the transference and radiation of impressions in 
the cord have been given; and that the transference at least 
takes place in the cord, and not in the brain, is nearly proved by 
the cases of pain felt in the knee, and not in the hip, in diseases 
of the hip; of pain felt in the urethra or glans penis, and not 
in the bladder, in calculus; for, if both the primary, and the 
secondary or transferred, impressions, were in the brain, both 
should be always felt. Of radiation of impressions there are, 
perhaps, no means of deciding whether they take place in the 
spinal cord or in the brain: but the analogy of the cases of 
transference makes it probable that the communication is, in 
this, also, effected in the cord. 


The power, as a nervous centre, of communicating impres- 
sions from sensitive to motor, or, more strictly, from centripetal 
to centrifugal nerve-fibres is what is usually discussed as the 
reflex function of the spinal cord. Its general mode of action, 
its general, though incomplete, independence of consciousness, the 
will, and the brain, and the conditions necessary for its perfection 
have heen already stated (p. 874). These points, and the ex- 
tent in which the power operates in the production of the natural 
reflex movements of the body, have now to be further illustrated. 

* For a complete discussion of this subject, and for the arguments in favour — 
of the posterior columns of the cord being composed of fibres forming com- 
missural connections between its several parts, see Todd (Lxxiii. art. Nervous 
Centres ; and cuix.). The best evidence for the sensitive and motor functions 
being appropriate to the posterior and anterior columns is in Longet (cxxxvi.). 
Many interesting facts are in Sir Charles Bell’s works (cxuii.); Muller — 
Qexxii.); and Grainger (crii.). 
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They will be described in terms adapted to the general rules of re- 
flection of impressions in nervous centres, avoiding all such terms 
as might seem to imply that the power of the spinal cord in reflect- 
ing is different in kind from that of all other nervous centres. 

The occurrence of movements under the influence of the 
spinal cord, and independent of the will, is well exemplified in 
the acts of swallowing, in which a portion of food carried by vo- 
luntary efforts into the fauces, is conveyed by successive involun- 
tary contractions of the constrictors of the pharynx and muscu- 

lar walls of the esophagus into the stomach. These contractions 
/are excited by the stimulus of the food on the centripetal 
nerves of the pharynx and cesophagus being first conducted to 
the spinal cord and medulla oblongata, and thence reflected 
‘through the motor nerves of these parts.* All these movements 
of the pharynx and esophagus are involuntary; the will can- 
not arrest them or modify them; and though the mind has a 
certain consciousness of the food passing, which becomes less as 
' the food passes further, yet that this is not necessary to the act 
of deglutition, is shewn by its occurring when the influence of 
‘the mind is completely removed; as when food is introduced 
‘into the fauces or pharynx during a state of complete coma, or 
‘in a brainless animal (Grainger, clii.). 

So, also, for example, under the influence of the spinal cord 
the involuntary and unfelt muscular contraction of the sphincter 
‘ani is maintained when the mind is completely inactive, as in 
‘deep sleep, but ceases when the lower part of the cord is 
‘destroyed, and cannot be maintained by the will. 

* It is customary to call the nerves thus conducting impressions to be 
weflected excito-motory, and the nerves by which the impressions are reflected 
vreflecto-motory’: and corresponding terms are applied in explanation of the 
reflex acts of the cord. They are here avoided, both for the reason given in the 
preceding paragraph, and because they are apt to lead the student to believe 
‘that the nerves contain one set of fibres for the conduction of impressions to 
jand from the brain, and another for the conduction of them to and from the 


spinal cord ; the improbability of which will appear from what is said of the 
structure of the cord in page 378. 
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The independence of the mind manifested by the reflecting 
power of the cord, is further shewn in the more perfect occur- 
rence of the reflex movements when the spinal cord and the 
brain are disconnected, as in decapitated animals, and in cases 
of injuries or diseases so affecting the spinal cord as to divide or 
disorganize its whole thickness at any part whose perfection is 
not essential to life. Thus, when the head of a lizard is cut off 
the trunk remains standing on the feet, and the body writhes 
when the skin is irritated. If the animal is cut in two, the 
lower portion can be excited to motion as well as the upper por- 
tion; the tail may be divided into several segments, and each 
segment, in which any portion of spinal cord is contained, con- 
tracts on the slightest touch ; even the extremity of the tail 
moves as before, as soon as it is touched. All the portions of 
the animal in which these movements can be excited, contain 
some part of the spinal cord ; and it is evidently the cause of the 
motions excited by touching the surface ; for they cannot be ex- 
cited in parts of the animal, however large, if no cord is con- 
tained in them. Mechanical irritation of the skin excites not 
the slightest motion in the leg when it is separated from the 
body; yet the extremity of the tail moves as soon as it is 
touched. With the same power of the spinal cord in reflecting 
impressions, an eel, or a frog, or any other cold-blooded animal, 
will move long after it is deprived of its head, and when, how- 
ever much the movement may indicate purpose, it is not pro- 
bable that consciousness or will has any share in them. And 
so, in the human subject, or any warm-blooded animal, when 
the cord is completely divided across, or so diseased at some part 
that the influence of the mind cannot be conveyed to the parts 
below it, the irritation of any part of the surface, supplied by 
nerves given off from the cord below the seat of injury, 
is commonly followed by spasmodic and irregular reflex move- 
ments, even though in the healthy state of the cord such invo- 
luntary movements could not be excited when the attention of 
the mind was directed to the irritating cause. 
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In the fact last mentioned is an illustration of an important 
difference between the warm-blooded and the lower animals in 
regard to the reflecting power of the spinal cord, (or its homo- 
logue in the Invertebrata), and the share which it and the brain 
have respectively, in determining the several natural move- 
ments of the body. When, for example, a frog’s head is cut off 
the limbs remain in or assume a natural position ; resume it when 
disturbed ; and when the abdomen or back is irritated, the feet 
are moved with the manifest purpose of pushing away the irri- 
tation. It is as if the mind of the animal were still engaged in 
the acts.* But, in division of the human spinal cord the 
lower extremities fall into any position that their weight and 
the resistance of surrounding objects combine to give them; if 
the body is irritated they do not move towards the irritation ; 
and if themselves are touched the consequent movements are 
disorderly and purposeless. Now, if we are justified by analogy 
in assuming that the will of the frog cannot act more than the 
will of man through the spinal cord separated from the brain, 
then it must be admitted that many more of the natural and 
purposive movements of the body can be performed under the 
. sole influence of the cord in the frog than in man; and what js 
' true in the instances of these two species is generally true also 
of the whole class of cold-blooded as distinguished from warm- 
blooded animals. It may not, indeed, be assumed that the acts 
of standing, leaping, and other movements which decapitated 
_ cold-blooded animals can perform, are also always, in the entire 
} and healthy state, performed involuntarily and under the sole 
influence of the cord ; but it is probable that such acts may be, 
}and commonly are, so performed, the mind of the animal hav- 


* The evident adaptation and purpose in the movements of the cold-blooded 
»animals have led some to think that they must be conscious and capable of 
» will without their brains. But purposive movements are no proof of conscious- 
) ness or will in the creature manifesting them. The movements of the limbs of 
| headless frogs are not more purposive than the movements of our own respira- 


| tory muscles are: in which we know that neither will nor consciousness is at 
jail times concerned, 
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ing only the same kind of influence in modifying and directing 
them, as the mind of man has in modifying and directing the 
movements of the respiratory muscles. 

The fact that such movements as are produced by irritating 
the skin of the lower extremities in the human subject, after 
division or disorganization of a part of the spinal cord, do not 
follow the same irritation when the mind is active and con- 
nected with the cord through the brain, is, probably, due to 
the mind ordinarily perceiving the irritation and instantly con- 
trolling the muscles of the irritated and other parts; for, even 
when the cord is perfect, such involuntary movements will often 
follow irritation if it be applied when the mind is wholly occu- 
pied. When, for example, one is anxiously thinking, even slight 
stimuli will produce involuntary and reflex movements. So, also, 
during sleep such reflex movements may be observed when the 
skin is touched or tickled ; for example, when one touches with 
a finger the palm of the hand of a sleeping child the finger is 
grasped—the impression on the skin of the palm producing a re- 
flex movement of the muscles which close the hand. But when 
the child is awake no such effect is produced by a similar touch. 

On the whole, it may, from these and like facts, be conclud- 
ed that the proper reflex acts, performed under the influence of 
the reflecting power of the spinal cord, are essentially indepen- 
dent of the brain, and may be performed perfectly when the 
brain is separated from the cord: that these include a much 
larger number of the natural and purposive movements of the 
lower animals than of the warm-blooded animals and man: and 
that over nearly all of them the mind may exercise, through the 
brain, some control; determining, directing, hindering, or modi- 
fying them, either by direct action or by its power over 
associated muscles. 

In this fact, that the reflex movements from the cord may be 
perfectly performed without the intervention of consciousness or 
will, yet are amenable to the control of the will, we may 
see their admirable adaptation to the well-being of the body. 
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Thus, for example, the respiratory movements may be performed 
while the mind is, in other things, fully occupied, or in sleep 
powerless ; yet, in an emergency, the mind can direct and 
strengthen them; and it can adapt them to the several acts of 
speech, effort, &c. Being, for ordinary purposes, independent of 
the will and consciousness, they are performed perfectly without 
experience or education of the mind; yet they may be employ- 
ed to other and extraordinary uses when the mind wills, and so 
far as it acquires power over them. Being commonly inde- 
pendent of the braim, their constant continuance does not pro- 
duce weariness; for it is only in the brain that it or any other 
sensation can be perceived. 

The subjection of the muscles to both the spinal cord and the 
brain makes it difficult to determine in man what movements 
or what share in any of them can be assigned to the reflecting 
power of the cord. The fact, that after division or disorganiza- 
tion of a part of the cord, movements, and even forcible though 
purposeless ones, are produced in the lower limbs when the skin 
is irritated, proves that the spinal cord can supply nervous force 
for the action of the muscles that are, naturally, most under the 
control of the will: and it is, therefore, not improbable that, for 
even the voluntary action of those muscles, when the cord is 
perfect, it may supply the force, and the will the direction. 
For instances in which it supplies both force and direction, that 
is both excites and determines the combination of muscles, may 
be mentioned the acts of the abdominal muscles in vomiting and 
voiding the contents of the bladder and rectum: in both of which, 
though, after the period of infancy, the mind may have power in 
postponing or modifying the act, there are all the evidences of 
reflex action ; namely, the necessary precedence of a stimulus, 
the independence of the will, and, sometimes, of consciousness, 
the combination of many muscles, the perfection of the act with- 
out the help of education or experience, and its failure or imper- 
fection in disease of the lower part of the cord. The emission of 
semen is equally a reflex act governed by the spinal cord: the 
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irritation of the glans penis conducted to the spinal cord, and 
thence reflected, excites the successive and co-ordinate contrac- 
tions of the muscular fibres of the vasa deferentia and vesiculee 
seminales, and of the bulbo-cavernosi and other muscles of the 
urethra ; and a forcible expulsion of semen takes place, over which 
the mind has little or no control, and which, in cases of paraplegia, 
may be unfelt. The erection of the penis also, as already explained 
(page 144), appears to be in part the result of a reflex contrac- 
tion of the muscles by which the veins returning the blood from 
the penis are compressed. Irritation of the vagina in sexual in- 
tercourse appears also to be propagated to the spinal cord and 
thence reflected to the motor nerves supplying the Fallopian 
tubes. The involuntary action of the uterus in expelling its 
contents during parturition, is also of a purely reflex kind, de- 
pendent in part upon the spinal cord, though in part also upon 
the sympathetic system : its independence of the brain and the 
mind was proved by cases of delivery in paraplegic women, 
and is now more abundantly shewn in the use of chloroform. 

Besides these acts regularly performed under the influence of 
the reflecting power of the spinal cord, others are manifested in 
accidents; such as the movements of the limbs and other parts, 
to guard the body against the effects of sudden danger. When, 
for example, a limb is pricked or struck, it is instantly and 
involuntarily withdrawn from the instrument of injury; a 
threatened blow on the face causes involuntary closure of the 
eye. And the same preservative tendency of the reflex power 
of the cord is shewn in the outstretched arms when falling for- 
wards, and their reversed position when falling backwards. 

To these instances of spinal reflex action some add yet many 
more, including nearly all the acts which seem to be performed 
unconsciously, such as those of standing, walking, and the like. 
But these are not involuntary acts; they are not accomplished 
without the active co-operation of the brain, for they are im- 
possible in coma, sleep, paraplegia, and complete mental abstrac- 
tion; they all require education for their perfection ; their foree 
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is not proportioned to any external stimulus exciting them ; 
they produce weariness ; in short, they appear to be only ex- 
amples how small an amount of attention and will are neces- 
sary for the performance of habitual acts. 


The phenomena of spinal reflex actions in man are much 
more striking and unmixed in cases of disease. In some of these, 
the effect of'a morbid irritation, or a morbid irritability of the cord, 
is very simple ; as when the local irritation of sensitive fibres, 
being propagated to the spinal cord, excites merely local spasms, 

_—spasms, namely, of those muscles, the motor fibres of which 
' arise from the same part of the spinal cord as the sensitive fibres 
that are irritated. Ofsuch a case we have instances in the spasms 
/ and tremors of limbs on which a severe burn is inflicted, &e. 


Tn other instances, in which we must assume that the cord is 
/morbidly more irritable, 7. e. apt to issue more nervous force 
than is proportionate to the stimulus applied to it, a slight im- 
| pression on a sensitive nerve produces extensive reflex move- 
‘ments. This appears to be the condition in tetanus, in which a 
slight touch on the skin may throw the whole body into convul- 
‘sions. A similar state is induced by the introduction of strych- 
vnia, and, in frogs, of opium, into the blood ; and numerous ex- 
‘periments on frogs thus made tetanic have shewn that the 
‘tetanus is wholly unconnected with the brain, and depends on 
ithe state induced in the spinal cord. 


It may have seemed to be implied that the spinal cord as a 
single nervous centre, reflects alike from all parts all the im- 
pressions conducted to it. But it is more probable that it should 
be regarded as a collection of nervous centres united in a continu- 
ous column. This is made probable by the fact that segments 
of the cord may act as distinct nervous centres, and excite 
notions in the parts supplied with nerves given off from them: 
is well as by the analogy of certain cases in which the muscu- 
ar movements of single organs are under the control of certain 
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circumscribed portions of the cord. Thus Volkmann (Lxxx. 
1844) has shewn that the rythmical movements of the anterior 
pair of lymphatic hearts in the frog depend upon nervous in- | 
fluence derived from the portion of spinal cord corresponding — 
to the third vertebra, and those of the posterior pair on influence 
supplied by the portion of cord opposite the eighth vertebra. — 
The movements of the hearts continue, though the whole of the | 
cord, except the above portions, be destroyed ; but on the instant 
of destroying either of these portions, though all the rest of the 
cord was untouched, the movements of the corresponding hearts 
cease. What appears to be thus proved in regard to two por- 
tions of the cord, may be inferred to prevail in other portions 
also; and the inference is reconcilable with most of the facts 
known concerning the physiology of the cord. 

It might be supposed that each portion of the cord is as the 
nervous centre of a certain region, receiving and issuing impres- 
sions from and to the several nerve-fibres immediately connected 
with it. But some experiments by Engelhardt and Harless have 
made it probable (if the case of frogs may be taken as an example 
ofa general truth), that different portions of the length of the cord 
are assigned for the government of different kinds of movements. 
The results of Harless’s experiments may be thus expressed in 
a scheme in which each number represents that of the verte- 
bra opposite to which the irritation was applied to the spinal 
cord :— 


Irritation at the . . Ist vertebra. No movement. 


. DG hess 
Flexion of upper ex- 


tremities decreasing 3rd > Flexion of lower extre- 
: ” 


as the irritation is } mities decreasing as 
applied higher, Lit ays J = irritation is applied 
ower. 
Hiya oy Least or no effect. 
Extension of upper ex- | gp, 
tremities decreasing 7 | Extension of lower ex- 


as the irritation is ) 5 tremities decreasing as 
: ; 7th 45 r he irritation is applied 
applied higher. | the irritation is applied 


Leth ,, lower. 
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Other of Harless’s experiments appeared to shew that the 
only portion of the frog’s cord capable of reflecting impressions 
to the motor nerves of the extremities, is that between the 
third and fifth vertebre. For, by cutting away the cord from 
below upwards, the power of reflecting so as to produce move- 
ments in the lower extremities is lost when the section comes 
to the sixth vertebra, and that of reflecting to the upper extre- 
mities, when the section reaches the fourth vertebra. 


The influence of the spinal cord on the sphincter ani has been 
already mentioned. It maintains this muscle in permanent 
‘contraction, so that, except in the act of defecation, the orifice 
of the anus is alway closed. This influence of the cord resem- 
bles its common reflex action in being involuntary, although the 
' will can act on the muscle to make it contract more, or to per- 
mit its dilatation, and in that the constant action of the muscle 
is not felt, nor diminished in sleep, nor productive of fatigue. 
But the act is different from ordinary reflex acts in being nearly 
constant. In this respect it resembles that condition of muscles 
‘which has been called Zone,* or passive contraction ; a state in 
which they always appear to be when not active in health, and 
}in which, though called inactive, they appear to be in slight 
‘contraction, and certainly are not relaxed, as they are long 
after death, or when the spinal cord is destroyed. This tone of 
/all the muscles of the trunk and limbs seems to depend on the 
/ spinal cord, as the contraction of the sphincter ani does. If an 
;animal is killed by injury or removal of the brain, the tone of 
the muscles may be left, and the limbs feel firm as during sleep ; 
‘but if the spinal cord be destroyed, the sphincter ani relaxes, 


* This kind of tone must be distinguished from that mere firmness and 
}tension which it is customary to ascribe with the name of tone to all tis- 
vsues that feel robust and not flabby, as well as to muscles. The tone pecu- 
‘liar to muscles and, perhaps, to other contractile parts, has in it a degree of 
vital contraction: that of other tissues is only due to their being well 
snourished, and therefore compact and tense. 
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and all the muscles feel loose, and flabby, and atonic, and 
remain so till the rigor mortis commences. 


For the further study of the functions of the spinal cord, it 
need scarcely be said that the works of Sir Charles Bell and 
Dr. Marshall Hall, are the most important. The other princi- 
pal writings are those of Prochaska (cxiii.); Magendie (cty.); 
Miller (xxxii.) ; Grainger (cLii.); Newport (xtiii. 1844); Volk- 
man (Lxxx. 1838); Dr. W. Budd (xxi. vol. xxii.); Carpenter 
(exxxi); Todd (1xxiii. art. Vervous Centres); Barlow (Lxxi. 
vol. XLi.). 


THE MEDULLA OBLONGATA. 


Its Structure. 


The medulla oblongata is a mass of grey and white nervous 
substance contained within the cavity of the cranium, forming 
part of the cephalic prolongation of the spinal cord, and con- 
necting it with the brain. The grey substance which it con- 
tains is situated in the interior, variously divided into masses 
and lamine by the white or fibrous substance, which is arranged 
partly in external columns, and partly in fasciculi traversing 
the central grey matter. The medulla oblongata is larger than 
any part of the spinal cord. Its columns are pyriform, en- 
larging as they proceed towards the brain, continuous with 
those of the spinal cord, more prominent than they are, 
and separated from one another by deeper grooves. In 
front are two, corresponding with the anterior columns of the 
cord, and named anterior pyramids, or corpora pyramidalia ; 
they are separated from each other by a deep anterior median 
fissure, at the bottom of which fibres appear decussating, 7. e. 
crossing one another and changing sides. In this manner, nearly 
all the fibres of each pyramid pass over, and turning backwards 
become continuous with the opposite lateral columns of the cord ; 
those which do not decussate are directly continuous with the 
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anterior column of the cord. Traced upwards, the fibres of the 
anterior pyramids pass through the inferior part of the pons 
Varolii, and then, forming the lower part of the crura cerebri, 
proceed through the optie thalami and corpora striata to be 
distributed in the substance of the cerebral hemispheres.* 

External to each anterior pyramid is a prominent oval body 

(the olivary body), the fibres in and around which are con- 
' tinuous below with those of the corresponding anterior tracts of 
the cord, while above they pass into the deeper longitudinal 
‘fibres of the medulla oblongata, along which they may be 
‘traced through the crura cerebri into the lower parts of the 
optic thalami and corpora striata. The corpora olivaria are 
‘formed of portions of grey substance imbedded in fibres, and 
, elevating them. 

Immediately behind the corpora olivaria, on each side, is a 
»small depressed tract of fibrous matter, distinguished from the 
olivary tract because its fibres, instead of passing onwards longi- 
tudinally to the cerebrum, go outwards transversely through the 
‘pons into the cerebellum. These tracts are named the lateral 
‘tracts, and are interesting in that the facial nerve emerges 
‘through them, and probably derives from them its connection 
‘with the motor portion of the medulla oblongata and cord. 

Behind the lateral tract on each side, is the corpus resti- 
forme, a large column of nerve-fibres, which, with its continued 
fibres below, forms the restiform tract. It is continuous below 


, 


* The expressions “ continuous fibres,” and the like, appear to be usually 
understood as meaning that certain primitive nerve-fibres pass without inter- 
ruption from one part to the other of those named. But such continuity of 
primitive fibres through long distances in the nervous centres is very far 
from proved. The apparent continuity of fasciculi (which is all that disgec- 
sion can yet trace) is explicable on the supposition that many comparatively 
short fibres lie parallel, with the ends of each inlaid among many others. In 
such a case there would be an apparent continuity of fibres; just as there is, 
‘or example, when one untwists and picks out a long cord of silk or wool, in 
which each fibre is short and yet each fasciculus appears to be continued 
through the whole cord. 
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with the posterior columns of the cord, while above, its fibres 
may be traced transversely through the pons into the cerebel- 
lum. Those of each body form a large portion of the corre- 
sponding crus cerebelli, and are distributed to the corresponding 
hemisphere of the cerebellum, whence it is probable that con- 
tinuations from them pass into the cerebrum. 

The restiform bodies are separated from each other poste- 
riorly by two narrow columns, the posterior pyramids, or pos- 
terior pyramidal tracts, one on each side of the posterior fissure; 
and by the lower angle of the fourth ventricle. The fibres of 
these tracts are continuous below with a narrow column, which 
about the middle of the cervical portion of the cord begins to be, — 
as it were, set off from the posterior columns by a narrow 
groove. They seem to pass upwards longitudinally through 
the pons, and thence in connection with the processes that unite | 
the cerebrum with the cerebellum, under the corpora quadri- 
gemina, and into the crus cerebri of the opposite side. 

Deeper than the internal pyramidal tracts, and forming slight 
elevations on each side of the middle line of the fourth ven- 
tricle, are other two, named the round tracts. They appear to 
be composed of the middle or axial portions of the anterior and 
lateral columns, which, as they pass upwards, are, as it were, 
exposed from behind by the divergence of the restiform and 
posterior pyramidal tracts. The round tracts pass longitudi- 
nally through the pons, and thence proceed, decussating, under 
the corpora quadrigemina to the fibres of the crura cerebri. 

The continuation of the grey matter of the cord into the me- 
dulla oblongata forms the grey matter covering the floor of the 
fourth ventricle, and diffused beneath its surface. The sepa- 
ration of the posterior internal and restiform tracts leaves open, 
in the fourth ventricle, the upper portion of the canal which, 
in the early fetal state, extends through the whole length of 
the grey matter of the spina] cord, and is continuous above with 
the cerebral ventricles. 

It is unfortunate that even a much deeper study than is here 
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sketched of the anatomy of the medulla oblongata, affords very 
little insight into its physiology. The interest connected with 
the tracing of the continuities of its several columns with those 
of the spinal cord lies, chiefly, in the fact that nerves of similar 
function arise from both. Thus, from the anterior pyramids, 
and their continuation in the crura cerebri, arise the motor third 
and sixth pairs of cerebral nerves. From the groove between 
the anterior pyramids and the olivary tracts (a groove con- 
tinuous with that in which all the motor roots of the spinal 
nerves emerge), arises the motor hypoglossal nerve. From 
the lateral and the round tracts, formed of fibres continuous 
with the anterior and lateral columns of the cord, arise the 
motor facial, and fourth or trochlear, nerves; while from the 
front of the restiform tracts in a line continuous with the 
groove between the posterior and lateral columns of the cord, 
spring the roots of the sensitive glosso-pharyngeal and pneumo- 
gastric nerves. 

There is, thus, the closest analogy in structure and, probably 
also, in the general endowments of their several parts, between 
the medulla oblongata and the spinal cord. The difference in 
size and form appears due, chiefly, first, to the divergence, en- 
largement, and decussation of the several columns, as they pass 

_ to be connected with the cerebellum or the cerebrum ; and, 
secondly, to the insertion of new quantities of grey matter, in 
the clivary bodies and other parts, in adaptation to the higher 
office, and wider range of influence, which the medulla oblon- 

| gata as a nervous centre exercises. 


Functions of the Medulla Oblongata. 


In its functions, the medulla oblongata differs from the spinal 
cord chiefly in the importance and extent of the actions that it 

_ governs. Like the cord, it may be regarded first, as conducting 
' impressions, in which office it has a wider extent of function than 
any other part of the nervous system, since it is obvious that all 
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impressions passing to and fro between the brain and the spinal 
cord, and all nerves arising below the pons, must be transmitted 
through it. The modes of conduction through the medulla ob- 
longata are probably similar to thoge through the cord. In the 
same degree as it is probable that the spinal cord transmits 
motor impressions in its anterior columns, and sensitive im- 
pressions chiefly along its posterior columns, so is it that the 
medulla oblongata conducts motor impressions along its anterior 
pyramidal and olivary tracts, and sensitive ones along its pos- 
terior and restiform tracts. This, which might be expected 
from the continuity of the columns in the two parts, and the 
similarity of the nerves arising from them, is further rendered 
probable by experiments and the results of disease. Magendie 
divided one of the anterior pyramidal tracts of the medulla ob- 
longata, and observed complete loss of the motor power over one 
half of the body, while its sensation seemed to be unimpaired 
(cxLi. t. i. p. 285). In Longet’s experiments on dogs and rab- 
bits, irritation of the anterior pyramids appeared to be unprodue- 
tive of pain, but the slightest touch of the restiform bodies 
elicited signs of acute suffering (exxxvi. t. ii. p. 400). Among 
the corresponding evidences furnished by disease, Lebert men- 
tions a case in which great disorder of the power of motion, with 
unimpaired sensation, resulted from an affection of the anterior 
portion of the medulla oblongata: the posterior portion being 
apparently unharmed (cxxxvi. t. 11. p. 407). 

The decussation of part of the fibres of the anterior pyramids 
of the medulla oblongata, and their crossing into the lateral 
tracts of the opposite side of the cord, make it probable that the 
motor impressions proceeding from the brain would, by traversing 
one pyramid, pass across to the opposite side of the spinal cord. 
Thus are explained the phenomena of cross-paralysis, as it is 
termed, i.e. of the loss of motion, in cerebral apoplexy, being 
always on the side opposite to that on which the effusion of 
blood has taken place. But, in the present state of the anatomy 
of the medulla oblongata, it is not possible to explain why the 
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loss of sensation is also on the side opposite the injury or 
disease of the brain: for there is no evidence of a decus- 
‘sation of posterior fibres nearly equal to that which ensues 
among the anterior fibres of the medulla oblongata and upper 
‘part of the cord. See on the subject, Longet (cxxxvi. t. il. 
p- 400). 

The functions of the medulla oblongata as a nervous centre, 
‘are more immediately important to the maintenance of life 
‘than those of any other part of the nervous system, since from 
it alone issues the nervous force necessary for the perform- 
vance of respiration and deglutition. It has been proved by re- 
speated experiments, especially by those of Legallois (cxxxix. t: 
i. p. 64), Flourens (cxt.), and Longet (exxxvi.), that the entire 
brain may be gradually cut away in successive portions, and yet 
life may continue for a considerable time, and the respiratory 


movements be uninterrupted. Life may, also, continue when 
the spinal cord is cut away in successive portions from below 
upwards as high as the point of origin of the phrenic nerve, or 
in animals without a diaphragm, such as birds or reptiles, even 
is high as the medulla oblongata. In Amphibia, these two 
experiments have been combined: the brain being all removed 
‘rom above, and the cord from below ; and so long as the medulla 
oblongata was intact, respiration and life were maintained. But 
f, in any animal, the medulla oblongata is wounded, particu- 
arly if it is wounded in its central part, opposite the origin of 
he pneumogastric nerves, the respiratory movements cease, and 
he animal dies as if asphyxiated. And this effect ensues even 
when all parts of the nervous system, except the medulla 
blongata, are left intact. 

Injury and disease in men prove the same as these experi- 
nents on animals. Numerous instances are recorded, especially 
y Sir Charles Bell (exuii.), in which injury to the human 
nedulla oblongata has produced instantaneous death; and, in- 
eed, it is through injury of it, or of the part of the cord con- 
ecting it with the origin of the phrenic nerve, that death is 
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commonly produced in fractures and diseases with sudden 
displacement of the upper cervical vertebree. 

The centre whence the nervous force for the production of 
combined respiratory movements appears to issue, is in the 
interior of that part of the medulla oblongata from which the 
pneumogastric nerves arise ; for with care the medulla oblongata 
may be divided to within a few lines of this part, and its ex- 
terior may be removed, without the stoppage of respiration ; but 
it immediately ceases when this part is invaded. This is not 
because the integrity of the pneumogastric nerves is essential to 
the respiratory movements, for both these nerves may be divided 
without more immediate effect than a retardation of these move- 
ments. The conclusion, therefore, may safely be, that this part 
of the medulla oblongata is the nervous centre wherein the 
impulses producing the respiratory movements originate, and 
whence they issue in rythm and adaptation. 

The power by which the medulla oblongata governs and com- 
bines the action of various muscles for the respiratory move- 
ments is an instance of the power of veflection, which it pos- 
sesses in common with all nervous centres. Its general mode 
of action, as well as the degree in which the mind may take 
part in respiration, and the number of nerves and muscles 
which, under the governance of the medulla oblongata, may be 
combined in the forcible respiratory movements, have been al- 
ready briefly described (see p. 171). That which seems most 
peculiar in this centre of respiratory action is its wide range 
of connection, the number of nerves by which the centripetal 
impression to excite motion may be conducted, and the number 
and distance of those through which the motor impulse may be 
directed. The principal centripetal nerves engaged in respira- 
tion are the pneumogastric, whose branches supplying the lungs 
appear to convey the most acute impression of the “ necessity of 
breathing.” When they are both divided the respiration becomes 
slower (J. Reid, xciv. 1838), as if the necessity were less 
acutely felt: but it does not cease, and therefore other nerves 
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besides them must have the power of conducting the like im- 
pression. The experiments of Volkmann make it probable that 
,all centripetal nerves possess it in some degree, and that the 
existence of imperfectly aerated blood in contact with any of 
them acts as a stimulus, which, being conveyed to the medulla 
oblongata, is reflected to the nerves of the respiratory muscles ; 
so that respiratory movements do not wholly cease so long as 
‘any centripetal nerves, and any nerves supplying muscles of 
‘respiration, are both in continuous connection with the respira- 
tory centre of the medulla oblongata. 

The wide extent of connection which belongs to the medulla 
‘oblongata as the centre for the respiratory movements, is further 
sshewn by the fact that impressions, by mechanical and other 
jordinary stimuli, made on many parts of the external or internal 
‘surface of the body, may induce respiratory movements. Thus 
‘involuntary inspirations are induced by the sudden contact of 
cold with any part of the skin, as in dashing cold water into the 
face ; irritation of the mucous membrane of the nose produces 
‘sneezing ; irritation in the pharynx, cesophagus, stomach, or 
intestines, excites the concurrence of the respiratory movements 
to produce vomiting ; violent irritation in the rectum, bladder, or 
uterus, gives rise to a concurrent action of the respiratory muscles, 
30 as to effect the expulsion of the faeces, urine, or fetus. 

The medulla oblongata is also the centre whence are derived 
the motor impulses enabling the muscles of the palate, pharynx, 
and cesophagus to produce the successive co-ordinate and adapt- 
2d movements necessary to the act of deglutition (see p. 198). 
This is proved by the persistence of the power of swallowing 
after destruction of the cerebral hemispheres and cerebellum ; 
ts existence in anencephalous monsters ; the power of swallow- 
ng possessed by marsupial embryoes before the brain is deve- 
oped; and by the complete arrest of the power of swallowing 
vhen the medulla oblongata is injured in experiments. But the 
eflecting power herein exercised by the medulla oblongata is of 
» much simpler and more restricted kind than that exercised in 
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respiration ; it is, indeed, not more than a simple instance of 
reflex action by a segment of the spinal axis, receiving impres- 
sions for this purpose from only a few centripetal nerves, and 
reflecting them to the motor nerves of the same organ. The 
incident or centripetal nerves in this case are the branches of 
the glosso-pharyngeal and, in a subordinate degree, those of the 
cervical nerves, which combine to form the pharyngeal plexus ; 
and the nerves through which the motor impressions to the 
fauces and pharynx are reflected are the pharyngeal branches of 
the vagus, and, in subordinate degrees, or as supplying muscles 
accessory to the movements of the pharynx, the branches of the 
hypoglossal, facial, cervical, recurrent, and fifth nerves. For the 
cesophageal movements, so far as they are connected with the 
medulla oblongata, the filaments of the pneumogastric nerve | 
alone appear to be sufficient (see John Reid, xciv. 1838). 


Though respiration and life continue while the medulla ob- 
longata is perfect and in connection with respiratory nerves, 
yet, when all the brain above it is removed, there is no more 
appearance of sensation, or will, or of any mental act in the 
animal the subject of the experiment, than there is when only 
the spinal cord is left. The movements are all involuntary and 
unfelt ; and the medulla oblongata has therefore no claim to be 
considered as an organ of the mind, or as the seat of sensation 
or voluntary power. These are connected with parts next to 
be described. 

It may be here observed, that the part of the medulla ob- 
longata which acts as a nervous centre, may continue to dis 
charge its function after the part which is only a conductor has 
ceased to act. Thus, patients with apoplexy or compression of 
the brain may go on breathing, though, if they have any sen- 
sibility or voluntary power, it is so little, that we cannot sup- 
pose any impressions to be conveyed, in either direction, through 
the medulla oblongata. And so, when ether or chloroform has 
been inhaled, patients breathe very well, though they are so 
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wholly insensible, and have so completely lost all voluntary 
cower, that we cannot suppose the medulla oblongata to con- 
duet either to or from the pons or any other part of the brain. 
Moreover, it appears that by such inhalation much of the 
reflecting power of the medulla oblongata may be destroyed, 
ind yet its power in the respiratory movements may remain. 
Chus, in patients completely affected with chloroform, the 
vinking of the eyelids ceases, and irritation of the pharynx 
vill not produce the usual movements of swallowing, or the 
losure of the glottis (so that blood may run quietly into the 
‘tomach, or even into the lungs) ; yet, with all this, they may 
»reathe steadily, and shew that the power of the medulla ob- 
ongata to combine in action all the nerves of the respiratory 
quscles is perfect (see Longet, xxii. 1847). 


TRUCTURE AND PHYSIOLOGY OF THE MESO-CEPHALON, OR PONS 
VAROLII. 


The encephalon, or brain, is usually divided, in anatomi- 
al description, into four parts, namely, the medulla oblongata, 
1e meso-cephalon (pons, pons Varolii, or tuber annulare), the 
erebellum, and the cerebrum. The meso-cephalon, or pons, is 
omposed principally of transverse fibres connecting the two 
emispheres of the cerebellum, and forming its principal com- 
sissure. But it includes, interlacing with these, numerous longi- 
adinal fibres which connect the medulla oblongata with the ce- 
*brum, and transverse fibres which connect it with the cerebel- 
m. Among the longitudinal fibres of the pons, the inferior 
id some of the superior connect the anterior pyramidal, the oli- 
wy, and the round tracts of the medulla oblongata with the 
rebrum; while others of the Superior fibres connect with it 


e posterior and internal columns of the medulla. By the 
ansverse fibres of the pons, 


a@ part of the anterior and lateral 
acts, and, apparently, 


the whole of the restiform tracts of the 
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medulla oblongata, are connected with the cerebellum; so that 
the pons may be regarded as containing the several means, Ist. 
by which the cerebrum is connected with all the tracts of the 
medulla oblongata, except the restiform and lateral ; 2nd. by 
which the cerebellum is connected with these two tracts ; 3rd. 
those by which its two hemispheres are united ; and, lastly, 
(if we may reckon the processus arciformes or ponticulus as 
part of the pons), the fibres by which the anterior pyramidal and 
the restiform tracts of the medulla oblongata are connected with 
each other. And among the fasciculi of nerve-fibres by which 
these several parts are connected, the pons also contains abun- 
dant grey or vesicular substance, which appears irregularly 
placed among the fibres, and fills up all the interstices. 


As a conductor of impressions, we may consider the pons, as 
its anatomy would suggest, to contain the continuation of the 
conducting portion of the medulla oblongata to the cerebrum and 
cerebellum. Longet (cxxxvi. t.1. p.427) says that acute pain is 
produced by touching its posterior part, but, by irritation of its 
interior, no pain, but convulsions of the face, limbs, and other 
parts. But the results of experiments respecting its conducting 
power are confused by those of the injuries of the crura cerebri 
and crura cerebelli, which will be presently referred to. 

As a nervous centre, it appears probable that the pons may be 
regarded as the first, or lowest portion of the encephalon, in which, 
when the rest of the brain is removed, the mind may have sensa- 
tion of impressions or exercise the will. When all the encephalon 
above the medulla oblongata is removed from a warm-blooded 
animal, it appears absolutely insensible, and deprived of all vo- 
luntary power ; it only breathes and has other, generally pur- 
poseless, reflex movements of the trunk and limbs. But experi- 
ments of Flourens and Longet shew that when the pons is left, 
with the medulla oblongata, indications of sensibility may be 
elicited, and the movements that follow them are characteristic 
of purpose and will. Thus, in the experiments on rabbits and 
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puppies, the cerebrum and cerebellum being removed, with the 
corpora striata, and all other parts down to the pons, when the 
‘tail was pinched the creature cried out, when ammonia was 
held to its nose it put up its foot to remove the irritation. So 
long as it was not irritated it remained passive and motion- 
less; but it resisted irritation, and when disturbed from an 
sapparently easy posture, resumed it. AIl these movements 
»ceased as soon as the pons was removed. It must, therefore, be 
-assumed either that the pons is an organ through which the 
-mind may receive and transmit impressions, or that it is a 
nervous centre for higher and more purposive reflex acts, than 
»the medulla oblongata or any part of the spinal cord. The 
latter may be the true explanation of the movements above- 
described, for they are not more indicative of sensation and will 
‘than are those of the decapitated frog, in which there is suffi- 
cient reason to believe that neither of these mental faculties 
» subsists ; but, to believe that these movements are voluntary 
and expressive of sensations, appears more accordant with the 
| general fact of the subordination of the reflex function to the 
| power of the will in the warm-blooded animals. 


STRUCTURE AND PHYSIOLOGY OF THE CEREBELLUM. 


The more one ascends towards the highest organs of the 
cerebro-spinal system, the more does it become difficult to trace 
‘any structure beyond that of external form and connection, 
‘and much the more difficult to connect even the manifest 
istructure with any of the functions of the part. With reference 
‘to the cerebellum, there appears, at present, so complete a want 
of connection between its anatomy and its physiology, that it 


would not assist in the design of this work to say more of the 
‘former than that each of the halves or hemispheres of which it 
‘consists appears formed on the prolongations of fibres combined 
in a crus cerebelli; that these fibres are derived from three 
‘sources, namely, Ist, the restiform tracts of the medulla oblon- 
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gata forming the inferior crus or peduncle ; 2nd, interchanging 
or commissural fibres which, together with fibres going outwards 
from the lateral tracts of the medulla oblongata, form the middle 
crus or peduncle; 3rdly, fibres interchanging between the cere- 
bellum and cerebrum, which form the superior crus, or processus 
a cerebello ad testem. Further, that the prolongation of the 
crus cerebelli, in which these three fasciculi are combined, con- 
tains, imbedded in it, a mass of grey matter, the corpus denta- 
tum, and sends off lamelle, which separate and are arranged 
like the nervules of a leaf, and are overlaid with layers of 
grey matter, folded and closely adjusted over the ends of the 
nervules. The pons, as already said, forms the inferior and 
principal commissure connecting the two hemispheres of the 
cerebellum ; but they are also united above, by a continuity of 
both grey and white substance, arranged on the same general 
plan as in themselves, in the vermiform processes. 


The physiology of the cerebellum may be considered in its 
relation to sensation, voluntary motion, and the instincts or 
higher faculties of the mind. It is itself insensible to irritation, 
and may be all cut away without eliciting signs of pain (Lon- 
get, cxxxvi, t. i. 733, and others). Yet, if any of its crura be 
touched, pain is indicated ; and, if the restiform tracts of the 
medulla oblongata be irritated, the most acute suffering is pro- 
duced. Its removal or disorganisation by disease is, also, gene- 
rally unaccompanied with loss or disorder of sensibility ; ani- 
mals from whom it is removed can smell, see, hear, and feel 
pain, to all appearance, as perfectly as before (Klourens, exl. ; 
Magendie, exli. &e.). So that, although the restiform tracts of 
the medulla oblongata, which are themselves so sensitive, and 
the continuations of the especially sensitive columns of the spinal 
cord, enter the cerebellum, it cannot be regarded as a principal 
organ of sensibility. 

In reference to motion, the experiments of Longet and most 
others agree that no irritation of the cerebellum produces move- 
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of any kind ; and these are probably correct, though Valentin says 
that irritation of it (as of some other parts of the encephalon) 
produces movements of the stomach, intestines, urinary bladder, 
and vasa deferentia. More uniform and remarkable results are 
produced by removing parts of the cerebellum.  Flourens, 
(whose experiments have been abundantly eonfirmed by. those 
»of Bouillaud (cixxvi.), Longet (cxxxvi. t.i. 740), and others, ) 
vextirpated the cerebellum in birds by successive layers. Feeble- 
yness and want of harmony of the movements were the conse- 
‘quence of removing the superficial layers. When he reached 
‘the middle layers, the animals became restless without being 
‘eonvulsed ; their movements were violent and irregular, but 
itheir sight and hearing were perfect. By the time that the last 
jportion of the organ was cut away, the animals had entirely lost 
ithe powers of springing, flying, walking, standing, and preserv- 
ing their equilibrium. When an animal in this state was laid 
‘upon the back, it could not recover its former posture ; but it 
‘fluttered its wings, and did not lie in a state of stupor ; it saw 
‘the blow which threatened it, and endeavoured to avoid it. Vo- 
lition, sensation, and memory, therefore, were not lost, but 
merely the faculty of combining the actions of the muscles ; and 
the endeavours of the animal to maintain its balance were like 
‘those of a drunken man. 

The experiments afforded the same results when repeated on 
all classes of animals, and from them and the others before re- 
ferred to Flourens inferred that the cerebellum belongs neither 
to the sensitive nor to the intellectual apparatus; and that it 
is not the source of voluntary movements, although it belongs 
to the motor apparatus: but is the organ for the co-ordination 
of the voluntary movements, or for the excitement of the com- 


bined action of muscles. 
Some cases of disease of the cerebellum confirm this view ; but 
the majority afford only negative evidence (see Longet, exxxvi. t. 
.p. 742). On the whole, also, it is confirmed by comparative 
anatomy. ‘The tables of M. Serres shew that although, with 
e 
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some exceptions, in the ascending scale of the Vertebrata, the 
cerebellum undergoes a general increase of size, and acquires an 
increasing preponderance over the size of the spinal cord, so that 
we cannot say that its development is unconditionally propor- 
tionate to the faculty of combining muscular movements, yet, 
in each of the four classes of Vertebrata, the species whose 
natural movements require most frequent and exact combina- 
tions of muscular actions are those whose cerebella are most 
developed in proportion to the spinal cord. 

On the strength of all these evidences, the view of M. Flou- 
rens has been generally adopted. But M. Foville holds that the 
cerebellum is the organ for the perception of muscular sensi- 
bility ; 2% ¢. of the sensations derived from muscles, through 
which the mind acquires that knowledge of their actual state 
and position which is essential to the exercise of the will upon 
them. It must be admitted that all the facts just referred to 
are as well explained on this hypothesis as on that of the cere- 
bellum being the organ for combining movements ; and this hy- 
pothesis is, perhaps, more consistent than M. Flourens’ with 
the very close connection between the cerebellum and the pos- 
terior columns of the cord. 

Gall was led to believe that the cerebellum is the organ of 
physical love, or, as Spurzheim called it, of amativeness ; and 
this view is generally received by phrenologists. The facts 
favouring it are, first, several cases in which atrophy of the testes 
and loss of sexual passion has been the consequence of blows over 
the cerebellum or wounds of its substance ; secondly, cases in 
which disease of the cerebellum has been attended with almost 
constant erection of the penis, and frequent seminal emissions ; 
and. thirdly, that it has seemed possible to estimate the degree 
of sexual passion in different persons by an external examination 
of the region of the cerebellum. With regard to the first class 
of facts, they are open to the objection that the loss of the 
sexual passion may have been the consequence of the loss of the 
testes, and that the latter loss may have been due to some con- 
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nection in the process of nutrition between the cerebellum and 
testes, similar to that which exists between the testes and the 
hair and other parts, whose growth indicates the attainment of 
puberty, and, for a time, the maintenance of virility. These 
facts have little bearing on the question unless it is shewn 
that the loss of sexual passion followed the injury of the cerebel- 
lum before the testes began to diminish. The cases of disease 
of the cerebellum do not prove more ; for the same affections of 
the genital organs are more generally observed in diseases, and 
in experimental irritations, of the medulla oblongata and upper 
part of the spinal cord. (See Longet, cxxxvi. t. i. 762.) 

The facts drawn from craniological examination will receive 
the credit given to the system of which they are a principal evi- 
dence. But in opposition to them it must be stated, that there 
has been a case of complete disorganization or absence of the 
cerebellum without loss of sexual passion (Combiette, elx. 
1831, Longet, and Cruveilhier); that the cocks from whom M. 
Flourens removed the cerebellum shewed sexual desire, though 
they were incapable of gratifying it; and that among animals 
there is no proportion observable between the size of the cere- 
bellum and the development of the sexual passion. On the 
contrary, many instances may be mentioned in which a larger 
sexual appetite coexists with a smaller cerebellum; as, e. ¢., 
that rays and eels, which are among the fish that copulate, have 
no lamine on their almost rudimental cerebella; and that 
cod-fish, that do not copulate, but deposit their generative 
fluids in the water, have comparatively well-developed cerebella. 
Among the Amphibia, the sexual passion is exceedingly strong 

in frogs and toads ; yet the cerebellum is only a narrow bar of 
/nervous substance. Among birds there is no enlargement of 
' the cerebellum in the males that are polygamous: the domestic 
_cock’s cerebellum is not larger than the hen’s, though his sexual 
| passion must be estimated as many times greater than hers, 
Among Mammalia the same rule holds; and in this class the 
/ experiments of M. Lassaigne haye plainly shewn that the abo- 
He 
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lition of the sexual passion by removal of the testes in early life 
is not followed by any diminution of the cerebellum ; for in 
mares and stallions the average absolute weight of the cerebel- 
lum is 61 grains, and in geldings 70 grains; and its proportion- 
ate weight, compared with that of the cerebrum, is, on an 
average, as 1:6°59 in mares; as 1:5°97 in geldings, and only as 
1:7°07 in stallions. 

On the whole, therefore, it appears advisable to wait for more 
evidence before concluding that there is any peculiar and direct 
connection between the cerebellum and the sexual instinct or 
sexual passion. From all that has been observed, no other office 
is Manifest in it than that of regulating and combining muscular 
movements, or of enabling them to be regulated and combined by 
so informing the mind of the state and position of the muscles 
that the will may be definitely and aptly directed to them. 

The influence of each half of the cerebellum is directed to 
muscles on the opposite side of the body, and it would ap- 
pear that, for the right ordering of movements, the actions of its 
two halves must be always mutually balanced and adjusted. 
For, if one of its crura, or, if the pons on either side of the mid- 
dle line, be divided, so as to cut off from the medulla oblongata 
and spinal cord the influence of one of the hemispheres of the 
cerebellum, strangely disordered movements ensue. The ani- 
mals fall down on the side opposite to that on which the crus 
cerebelli has been divided, and then roll over continuously and 
repeatedly ; the rotation being always round the long axis of 
their bodies, and from the side on which the injury has been 
inflicted.* The rotations sometimes take place with much 
rapidity ; as often, according to M. Magendie, as sixty times in 

* Magendie, and Miller, and others following him, say the rotation is 
towards the injured side; but Longet and others more correctly give the 
statement as in the text. The difference has probably arisen from using the 
words right and left, without saying whose right and left are meant, whether 
those of the observer or those of the observed. When, for example, an 
animal’s right crus cerebelli is divided, he rolls over from his own right to his 
own left, but from the left to the right of one who is standing in front of him. 
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a minute, and may last for several days. Similar movements 
have been observed in men; as by M. Serres, in a man in whom 
there was an apoplectie effusion in the right crus cerebelli; and 
by M. Belhomme in a woman, in whom an exostosis pressed on 
the left crus.»* They may, perhaps, be explained by assuming 
that the division or injury of the crus cerebelli produces para- 
lysis, or imperfect and disorderly movements, of the opposite 
side of the body; the animal falls, and then, struggling with 
the disordered side on the ground, and striving to rise with 
the other, pushes itself over ; and so, again and again, with the 
same acts rotates itself. Such movements cease when the other 
erus cerebelli is divided; but probably only because the para- 
lysis of the body is thus made almost complete. 


STRUCTURE AND PHYSIOLOGY OF THE CEREBRUM. 


The cerebrum is placed in connection with the pons and me- 
dulla oblongata by its two crura or peduncles: it is connected 
with the cerebellum by the processes called superior crura of the 
cerebellum or processus a cerebello ad testes, and by a layer of 
grey matter, called the valve of Vieussens, which lies between 
these processes and extends from the inferior vermiform process 
of the cerebellum to the corpora quadrigemina of the cerebrum. 
These parts which thus connect the cerebrum with the other 
principal divisions of the cerebro-spinal nervous centre form 
parts of the walls ofa cavity (the fourth ventricle) and a canal, 
(the iter a tertio ad quartum ventriculum), which are the con- 
tinuation of the canal that in the fetus extended through the 
whole length of the spinal cord and brain. They may therefore 
be regarded as the continuation of the cerebro-spinal axis or 
column ; on which, as a development from the simple type, the 
cerebellum is placed ; and, on the further continuation of which, 

. structures both larger and more numerous are raised, to form the 
, cerebrum. 


* See such cases recorded and collected by Dr. Paget (xciy, 1847 ), 
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The crura cerebri are principally formed of nerve-fibres, of 
which the inferior are continuous with those of the anterior py- 
ramidal and olivary tracts, and the superior with the round and 
posterior pyramidal tracts of the medulla oblongata. They 
may therefore be regarded as, principally, conducting organs : 
but each of them manifests also the character of a nervous cen- 
tre, in that it contains a mass of vesicular substance, the locus 
niger, whose nerve-corpuscles abound in pigment-granules, and 
afford some of the best examples of the caudate structure. The 
office of the crura cerebri as conductors will appear in speaking 
of the relation of the cerebrum to voluntary motion, and the 
peculiar effects of their division: as centres, they are probably 
connected with the functions of the third nerve, which arises 
from their inner margins, and through which are directed the 
chief of the numerous and complicated movements of the eye- 
ball and iris. 

On their upper part the crura cerebri bear three pairs of small 
ganglia, or masses of mingled grey and white nerve-substance ; 
namely, the corpora geniculata externa, and interna, and the 
corpora quadrigemina, or nates and testes. Beneath or through 
the corpora quadrigemina pass the continuations of the round 
and posterior pyramidal tracts of the medulla oblongata, decus- 
sating as they proceed onwards: and nearer to the upper sur- 
face of the same ganglia pass the fibres of the superior crura of 
the cerebellum, mingling with the fibres that form the chief part 
of the origin of the optic nerves, with the functions of which 
nerves these ganglia appear intimately connected. 

In its further course, each crus cerebri, enlarged by the ad- 
dition of many fibres, forms, as it proceeds, a kind of jibrous 
cone, With its truncated apex in the pons. On it are placed in 
succession two other ganglia, the optic thalamus and corpus 
striatum, in which its fibres and those that are continually 
added to them, traverse variously-shaped masses and layers of 
grey substance, and from the anterior part of which, diverging 
in all directions and bending backwards, they pass into the sub- 
stance of the corresponding cerebral hemisphere. 
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These several organs on each side of the cerebrum are con- 
nected by commissures, formed principally of nerve-fibres ; 
namely, the corpora quadrigemina by part of the fibres of the 
round tract which form the jillet of Reil, and meet in the mid- 
dle line; the optic thalami by the anterior and posterior com- 
missures formed of fibres, and the middle or soft commissure of 
grey substance; part of the corpora striata and the cerebral 
hemispheres, by the anterior commissure and corpus callosum. 
The several parts of each of the hemispheres are also connected 
by longitudinal and oblique fibres passing beneath the convo- 
lutions from one part to another; and, in the median part of 
the fornix, connecting the middle cerebral lobe with the optic 
thalamus. 

The cerebral convolutions appear to be formed of nearly 
parallel plates of fibres, the ends of which are turned towards 
the surface of the brain, and are overlaid and mingled with sue- 
cessive layers of grey nerve-substance. Some have supposed 
that the ends of the fibres are connected in loops, of which loops 
parts are continued from the diverging fibres of the cone, and 
others from the fibres of the corpus callosum ; but this is un- 
certain. The external grey matter is so arranged in layers that 
a vertical section of a convolution generally presents the appear- 
ance of three layers of grey, with two intervening layers of 
white, substance, a grey layer being most external. In these 
grey layers the outer is formed principally of granular matter 
and nuclei, like those of nerve-corpuscles ; in the deeper layer 
are more perfectly formed cells.* 


The crura cerebri appear as the principal conductors of im- 
pressions to and from the cerebrum, and division of one of them 
produces singular effects on the movements. When one is cut 


* For further descriptions of the structure of the brain the student should 
refer to Mayo (crxiii.) ; Quain (cxzix.) ; Foville (cLxi.) ; Longet (cxxxvi.), 
or Todd (crix.). In these works he will find sufficient guidance to the pre- 
vious less perfect treatises. 
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across the animal moves round and round, rotating round a ver- 
tical axis, from the injured towards the sound side, as if from a 
partial paralysis of the side opposite to the injury. The effect 
may be supposed due to the interruption of the voluntary im- 
pulses from the cerebrum ; for even though the cerebellum may 
have the office of combining the muscles whose co-operation is 
necessary for each action, yet it is probable that the deliberate 
effort of the will must proceed from the cerebrum. The move- 
ments of an animal are more disordered when the cerebellum is 
removed and the cerebrum is left, than when both cerebrum and 
cerebellum are removed ; as if, in the latter case, the voluntary 
power were weak but not disordered, but in the former” acted 
with full strength but with disorder. 


The corpora quadrigemina (from which, in function, the 
corpora geniculata are not distinguished), are the homologues 
of the optic lobes in the birds, Amphibia, and fishes, and may be 
regarded as the principal nervous centres for the sense of sight. 
The experiments of Flourens, Longet, and Hertwig, shew that 
removal of the corpora quadrigemina wholly destroys the power 
of seeing ; and diseases in which they are disorganized are usually 
accompanied with blindness. Atrophy of them is also often a 
consequence of atrophy of the eyes. 

Destruction of one of the corpora quadrigemina (or of one optic 
lobe in birds), produces blindness of the opposite eye. The loss 
of sight thus produced is not only because the corpora quadrige- 
mina contain continuations of the optic tracts, or roots of the 
optic nerves, but because they are the organs in which the 
mind perceives the sensations of light. As Longet’s experiments 
shew, when the cerebral hemispheres of a pigeon are removed, 
and its optic thalami and optic lobes are left, it not only exhi- 
bits the reflex movements of the contraction of the iris and the 
closure of the eyelids when a candle is held to the eye, but when 
the candle is moved round before the eye, it moves its head after 
it, manifestly because it sees and watches it. It appears, in- 
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deed, not to see many things, and runs against obstacles ; but 
this is because though it may see them it cannot recognize them, 
having lost all memory of objects through the loss of its cere- 
brum. 

The loss of sight is the only apparent injury of sensibility 
sustained by the removal of the corpora quadrigemina. The 
removal of one of them affects the movements of the body, so 
that animals rotate, as after division of the crus cerebri, only 
more slowly: but this is probably due to giddiness and partial 
loss of sight. The more evident and direct influence is that 
produced on the iris. It contracts when the corpora quadrige- 
mina are irritated: it is always dilated when they are removed: 
so that they may, perhaps, be regarded as the nervous centres 
governing its movements, and adapting them to the impressions 
derived from the retina through the optic nerves and tracts. 

There is no evidence that the corpora quadrigemina are, in 
any sense, organs of the intellectual faculties, or of the affections. 
Yet it may be questioned if their connection with vision be their 
only function, seeing their large size in fish whose iris is not 
moveable, and that generally neither their absolute nor their 
proportionate size in different animals bears any simple relation 
to the acuteness or extent of their several powers of' vision. 


The optic thalami probably participate in a small degree in 
the visual function of the corpora quadrigemina, for part of the 
fibres of the optic tract may be traced to their surfaces. But 
the results of experiments prove nothing on this point. They 
only shew disturbances of the power of movement. Irritation 
of the optic thalami produces no convulsions, and only little 
pain (Longet and Flourens): destruction of one has effects very 
similar to those of division of one crus cerebri, namely, a rota- 
tion, in which the animal, remaining standing, turns continually 
round. Schiff, by whom a series of experiments on these various 
rotations has been made (cLxii.), has shewn that no such 
effect follows the removal of any other part of the brain; and 


ND 
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Longet points out, as a strong contrast, that after removing all the 
cerebral hemispheres and the corpora striata, the animal can still 
stand and walk, but that on removing one of the optic thalami 
it falls down paralysed on the opposite side, or commences the 
rotatory movement. The evidence of apoplexy and other 
diseases is similar ; all such cases manifest a loss of power of 
part or the whole of the opposite side of the body. 


Concerning the function of the corpora striata, experiments, 
and the effects of diseases, permit none but negative conclusions 
—such as that they are not the central organs for the sense of 
smell, nor peculiarly concerned in sensation or movement. The 
recent experiments of Schiff (cLxii.) confirming and, in many 
respects, correcting those of Magendie and others, shews that 
when they are removed in rabbits sensation is unimpaired, and 
the power of movement complete ; so that although at first the 
creature remains at rest, it will after irritation, or spontane- 
ously, in about half an hour begin to move, at first slowly, and 
then with increasing speed and larger leaps, till it strikes against 
some obstacle, when it falls, and again for a time remains torpid. 

Various explanations are offered of these and other strange 
modes of movement which ensue when the several parts just 
considered are mutilated, such as that particular masses or tracts 
in the brain determine the impulses to move in this or that 
direction, and that, by destroying any part, the balance in which 
its impulse holds that of the corresponding part of the opposite 
side is lost. But no such explanations guide to the true physio- 
logy of these parts. 

Taking together all the parts yet considered, 7. e. all the 
parts of the cerebro-spinal nervous system except the cere- 
bral hemispheres, they appear to include the apparatus, Ist. 
for the direction and government of all the unfelt and inyo- 
luntary movements of the parts which they supply, 2nd. for the 
perception of sensations, and Srd. for the direction of such in- 
stinctive and habitual movements as do not require the exercise 
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of judgment, deliberation, memory, or any other intellectual 
act. The medulla oblongata and spinal cord have their office in 
none but involuntary and unconscious movements; but above 
the medulla oblongata, the pons, and other organs appear capable 
of such conditions as the mind may perceive, and of being, by 
the will excited to the production of voluntary and orderly move- 
ments. But these parts cannot be regarded as organs of the 
higher faculties of the mind: with them alone, an animal appears 
to possess neither memory of former sensations, nor judgment to 
determine and control its actions. Mere sensations, and will, 
acting according to instinctive impulse and instinctive know- 
ledge or habit, constitute the whole mind of the animal deprived 
of its cerebral hemispheres. 
But seeing what manifestations of mind subsist in animals 
after the removal of the cerebral hemispheres, it is reasonable to 
suppose that these lower organs, the cerebral or sensory ganglia, 
naturally discharge the functions of which they then appear 
capable, and that the cerebral hemispheres are engaged in only the 
higher mental acts. This appears the more probable when it is 
considered that all the cerebral nerves are in direct connection 
with these ganglia; and are only through the medium of the 
highest of them, (including herein the olfactory ganglia as part 
of the brain) connected with the cerebral hemispheres ; so that 
_ whatever acts are performed through these nerves, independently 

of the higher faculties of the mind, may be fairly ascribed to the 
| power of these several ganglia. Again the homologues of these 
| organs, that is, of the corpora quadrigemina, the optic thalami, and 
/ corpora striata, and the olfactory lobes or ganglia, maintain, in 
' the descending scale of the vertebrate animals a large size, and 
| are proportionate to the developrnent of their organs of sense ; 
' while the cerebral hemispheres regularly diminish in their pro- 
' portion, till in the highest fish they are not larger than these gan- 
_ glia, and in the lower fish are not larger than the optic or olfac- 
_ tory lobes alone. Now, in the same descending series, the intellec- 
tual powers seem to diminish commensurately with the decrease 
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of the cerebral hemispheres; but there is no corresponding de- 
crease of the lower powers of the mind, in the exercise of simple 
perception and will adapted to the instincts of which these gan- 
glia at the base of the brain are supposed to be the organs.* 

Neither perhaps can any such diminution be traced in those 
emotions and emotional acts, or expressions, which belong to the 
instincts that all animals appear to have in common, such as 
fear, anger, &c.; of these also it is not improbable that the cere- 
bral ganglia may be the organs ; but this can only be suspected 
while we know so little of the emotions to which lower animals 
are subject. 


If it be probable that the function of the parts already con- 
sidered are correctly indicated in the preceding paragraphs, it 
will be in the same degree probable that the functions of the 
cerebral hemispheres, thus determined by “ way of exclusion,” 
are those of the organs by which the mind, Ist, perceives those 
clear and more impressive sensations which it can retain, and 
judge according to; 2ndly, performs those acts of will each of 
which requires a deliberate, however quick, determination ; 
8rdly, retains impressions of sensible things, and reproduces 
them in subjective sensations and ideas ; 4thly, manifests itself 
in its higher and peculiarly human emotions and feelings, and 
in its faculties of judgment, understanding,t memory, reflection, 

* The whole of this subject is well discussed by Dr. Carpenter (cxxxi. 
pp. 317, 330), who regards “ the series of ganglionic centres which have been 
enumerated as constituting the real sersoriwm ; each ganglion haying the power 
of communicating to the mind the impressions derived from the organ with 
which it is connected, and of exciting automatic muscular movements in re 


spondence to these sensations :” and also regards “ the ganglionic tract as the 
immediate centre of those movements which direct/y result from the excite- 
ment of the emotions.” 

+ By understanding or intellect is here meant the “ faculty of judging ac- 
cording to sense ;” a faculty, therefore, which has to do with’none but.sensible 
things and the ideas derived from them. It is often called “ reason,” or the 
reasoning faculty ; but the term “reason” is here applied only to the higher 
faculty which has cognizance of necessary truths, and of things above the 
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induction, and imagination, and others of the like class. The 
cerebral hemispheres appear thus to be the organs in and 
through which the mind acts, in all these its operations which 
have immediate relation to external and sensible things ; and 
| this view may be held without fear, while it is held, also, that 
'the mind has other and higher parts or faculties, by which it 
| has or may attain to knowledge of things above the senses, 
/namely, the conscience and the pure reason, which may be in- 
structed otherwise than through the senses, and exercised in- 
dependently of the brain. 

The evidences that the cerebral hemispheres are, in the sense 
and degree indicated above, the organs of the mind are chiefly 
| these :—1. That any severe injury of them, such as a gene- 
‘ral concussion, or sudden pressure by apoplexy, may instantly 
' deprive a man of all power of manifesting externally any men- 
tal faculty. 2. That in the same general proportion as the 
higher sensuous mental faculties are developed in the verte- 
| brate animals, and in man at different ages, the more are the size 
of the cerebral hemispheres developed in comparison with the 
/ rest of the cerebro-spinal system. 3. That no other part of the 
/neryous system bears a corresponding proportion to the de- 
'velopment of the mental faculties. 4. That congenital and 
' other morbid defects of the cerebral hemispheres are, in general, 
/accompanied with corresponding deficiency in the range or 
_ power of the intellectual faculties and the higher instincts. 

To explain such facts, no hypothesis (if it must be so called 
| while we have regard only to the facts of science) is so suffi- 
/ cient as that which supposes an immaterial principle, not ne- 
) cessarily dependent for its existence on the brain, but incapable 
of external manifestation, or of knowledge of external things, 
/except through the medium of the brain, and the nervous 
/ organs connected therewith. Such a principle would remain 


» senses—that which Scripture designates, or includes in the designation, the 
“ Spirit of man.”—TIn the use and adaptation of the terms here employed, the 
, example of Coleridge is followed. See his “ Aids to Reflection.” 
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itself unchanged, in the case of injury or disease of the brain ; 
but its external manifestations, and all its acts performed in 
connection with the brain, would be hindered or disturbed ; as, 
for example, the work of any artist might be stopped or spoiled 
through deficiency or badness of his implements of art. And 
in the operations of such a principle, it might well be supposed 
that the power with which its several faculties are manifested 
would bear a direct proportion to the size of the organs through 
which they are manifested ; for whether we suppose or not that 
the principle itself may, in different individuals, have different 
degrees of power, yet its power of manifestation or perception 
through the cerebral hemispheres, may vary as those organs 
do. 

But while this may be true respecting those parts of the mind 
which have to do with the things of sense, it would require 
much more and different evidence and arguments to make it 
probable that the cerebral hemispheres, or any other parts of the 
brain, are, in any meaning of the term, the organs of those 
parts or powers of the mind which are occupied with things 
above the senses. The reason or Spirit of man which has 
knowledge of divine truths, and the conscience, with its natu- 
ral discernment of moral right and wrong, cannot be proved to 
have any connection with the brain. In the complex life we 
live, they are, indeed, often exercised in questions in which the 
intellect or some other lower mental faculty is also concerned ; 
and in all such cases men’s actions are determined as good or bad 
according to the degree in which they are guided by the higher 
or by the lower faculties. But the reason and the conscience 
must be exercised independently of the brain when they are en- 
gaged in the contemplation of things which have not been 
learned through the senses, or through any intellectual consi- 
deration of sensible things. All that a man feels in him- 
self, and can observe in others, of the subjects in which his rea- 
son and his conscience are most naturally engaged ; of the mode 
in which they are exercised, and the disturbance to which they 
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are liable by the perceptions or ideas of sensible things; of the 
‘manner and sources of their instruction ; of their natural supe- 
‘riority and supremacy over all the other faculties of the mind ; 
‘and of his consciousness of responsibility for their use; all 
‘teaches him that these faculties are wholly different, not in de- 
gree only, nor as different members of one order, but in kind and 
‘very nature from all else of which he is composed ; all, if rightly 
‘considered, must incline him to receive and hold fast the clearer 
‘truth which Revelation has given of the nature and destinies of 
‘the Spirit to which these, his highest faculties, belong. 


Respecting the mode in which the mental principle operates 
‘im its connection with the brain there is no evidence whatever. 
But it appears that, for all but its highest intellectual acts, one 
‘of the cerebral hemispheres is sufficient. For numerous cases are 
‘recorded in which no mental defect was observed, although one 
cerebral hemisphere was so disorganised or atrophied, that it 
‘could not be supposed capable of discharging its functions. The 
‘remaining hemisphere was in these cases adequate to the fune- 
‘tions generally discharged by both; but the mind does not 
seem in any of these cases to have been tested in very high in- 
‘ tellectual exercises ; so that it is not certain that one hemi- 
' sphere will suffice for these. In general, the mind combines, 
as one sensation, the impressions which it derives from one ob- 
, ject through both hemispheres, and the ideas to which the two 
such impressions give rise are single; and in general, also, the 
mind acts alike in and through both the hemispheres : its 
actions being, if one may so speak, symmetrical as the hemi- 
spheres are. But it would appear that when one hemisphere is 
disordered, the same object may produce two sensations, and 
suggest simultaneously different ideas: or, at the same time, two 
| trains of thought may be carried on by the one mind acting, and 
being acted upon, differently in the two hemispheres. Thus are 
explicable some of the incoherences of dreaming and delirium ; 
and, especially, those singular cases in which a person in deli- 
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rium, puzzled by the two different, and seemingly simultaneous, 
trains of thought in which he is engaged, fancies himself two 
persons, and, as another, holds conversation with himself.* 

In relation to common sensation and the effort of the will, 
the impressions to and from the hemispheres of the brain are 
carried across the middle line; so that in destruction or com- 
pression of either hemisphere, whatever effects are produced in 
loss of sensation or voluntary motion, are observed on the side of 
the body opposite to that on which the brain is injured. 


In speaking hitherto of the cerebral hemispheres as the organs 
of the mind, they have been regarded as if they were single 
organs of which all parts are equally appropriate for the exercise 
of each of the mental faculties. But it is a more probable theory 
that each faculty has a special portion of the brain appropriated 
to it as its proper organ. For this theory, the principal evidences 
among those collected by Drs. Gall and Spurzheim are as follows: 
1. that it isin accordance with the physiology of the other com- 
pound organs or systems in the body, in which each part has its 
special function; as, for example, of the digestive system, in 
which the stomach, liver, and other organs perform each their 
separate share in the general process of digestion of the food. 
2. That in different individuals, the several mental functions are 
manifested in very different degrees. Even in early childhood, be- 
fore education can be imagined to have exercised any influence on 
the mind, children exhibit various dispositions, each presents some 
predominant propensity, or evinces a singular aptness in some 
study or pursuit; and it is a matter of daily observation that 
every one has his peculiar talent or propensity. But it is diffi- 
cult to imagine how this could be the case, if the manifestation 
of each faculty depended on the whole of the brain; different 


* See Dr. Holland’s essay on this subject (cLxvii.); and Dr. Wigan’s 
Essay, and other works, on the Duality of the Mind, or, as it would be better 
called, of the Brain, for every reasonable person is as conscious of his unity as 
of his identity ; indeed, the idea of personal identity involves that of unity. 
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‘conditions of the whole mass might affect the mind generally, 
\depressing or exalting all its functions in an equal degree, but 
‘could not permit one faculty to be strongly and another weakly 
manifested. 3. The plurality of organs in the brain is sup- 
ported by the phenomena of some forms of mental derangement. 
Tt is not usual for all the mental faculties in an insane person 
to be equally disordered; it often happens that the strength of 
‘some is increased, while that of others is diminished; and in 
many cases one function only of the mind is deranged, while all 
the rest are performed in a natural manner. 4. The same 
opinion is supported by the fact that the several mental faculties 
sare developed to their greatest strength at different periods of life, 
‘some being exercised with great energy in childhood, others only 
fin adult age; and that, as their energy decreases in old age, 
‘there is not a gradual and equal diminution of power in all of 
‘them at once, but on the contrary, a diminution in one or more, 
‘while others retain their full strength, or even increase in power. 
‘5. The plurality of cerebral organs appears to be indicated by 
‘the phenomena of dreams, in which only a part of the mental 
‘faculties are at rest or asleep, while the others are awake, and, it 
is presumed, are exercised through the medium of the parts of the 
brain appropriated to them. 6. It is stated that the examina- 
‘tion of the brains of individuals, each remarkable for some pecu- 
liar propensity or talent, has always demonstrated a correspond- 
ing development of a certain portion of the brain. 

These facts have been so illustrated and adapted by phreno- 
logists, that the theory of the plurality of organs in the cere- 
‘brum thus made probable, has been commonly regarded as 
/peculiar to phrenology, and as so essentially connected with it, 
‘that if the system of Gall and Spurzheim be untrue, this 
theory cannot be maintained. But it is plain that all the 
system of phrenology built upon the theory may be false, and 
the theory itself true: for the school of Gall and Spurzheim 
assume, not only this theory, but also that they have deter- 
)mined all the primitive faculties of which the mind consists, 2. ¢. 
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all the faculties to which special organs must be assigned, and 
the places of all those organs in the cerebral hemispheres and the 
cerebellum. Possibly this may be a system of error, founded on 
a true theory: the cerebrum ray have many organs, and the 
mind as many faculties; but what are the faculties that require 
separate organs, and where those organs are, may be subjects of 
which only the first or most general knowledge is yet attained. 
At any rate, the phrenological physiology of the brain could not 
be introduced here without more discussion and objection than 
is consistent with the plan of this work.* 


Of the physiology of the other parts of the brain, little or no- 
thing can be said. 

Of the offices of the corpus callosum, or great transverse and 
oblique commissure of the brain, nothing positive is known. 
But instances in which it was absent, or very deficient, either 
without any evident mental defect, or with only such as might 
be ascribed to coincident affections of other parts, make it pro- 
bable that the office which is commonly assigned to it, of ena- 
bling the two sides of the brain to act in concord, is exercised 
only in the highest acts of which the mind, acting on the brain, 
is capable. And this view is confirmed by the very late period 
of its development, and by its absence in all but the placenta 
Mammalia.t 

To the fornix and other commissures no special function can 
be assigned ; but it is a reasonable hypothesis that they connect 
the actions of the parts between which they are severally placed. 


* The phrenological writings of Mr. Combe, and the “ Brain and its Physi- 
ology,” by Mr. Noble, are, probably, the best for the medical student who 
desires to read the arguments in favour of the system, The objections against 
it may be read in an article in the British and Foreign Medical Reviews 
October 1846 ; and in the article Phrenology, in the Penny Cyclopedia, from 
which the aboye is chiefly taken. 

+ See cases of congenital deficiency of the corpus callosum, by Mr. Paget | 
and Mr, Henry in the twenty-ninth and thirty-first volumes of the Medico- 
Chirurgical Transactions. 
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As little is known of the functions of the pineal and pituitary 
glands. Indeed, Oesterlen raises the question whether either 
their structure or functions are those of nervous organs, and 
classes them among the glands without ducts (cti.). 


PHYSIOLOGY OF THE CEREBRAL AND SPINAL NERVES. 


The cerebral nerves are twelve pairs, and the spinal nerves 
‘thirty-one pairs, symmetrically arranged on each side of what, 
reduced to its simplest form, may be regarded as a column or 
‘axis of nervous matter, extending from the olfactory bulbs on 
ithe ethmoid bone, to the filum terminale of the spinal cord in the 
lumbar and sacral portion of the vertebral canal. The spinal 
merves all present certain characters in common, such as their 
‘double roots; the isolation of the fibres of sensation in the pos- 
jterior roots, and of those of motion in the anterior roots; the 
‘formation of the ganglia on the posterior root ; and the subse- 
)quent mingling of the fibres in trunks and branches of mixed 
‘functions. Similar characters probably belong essentially to 
‘the cerebral nerves; but even when one includes the nerves of 
/special sense, it is not possible to discern a conformity of arrange- 
/ment in any besides the fifth or trifacial, which, from its many 
vanalogies to the spinal nerves, Sir Charles Bell designated as 
_ the spinal nerve of the head. 

According to their several functions, the cerebral or cranial 
) nerves may be thus arranged :-— 


| Nerves of special sense . . Olfactory, optic, auditory, part of the glosso- 
pharyngeal, and the lingual branch of the 
fifth. 
», ofcommon sensation The greater portion of the fifth, and part of 
the glosso- pharyngeal. 
» ofmotio. . . . Third, fourth, lesser division of the fifth, 
sixth, facial, and hypoglossal. 


| Mixed nerves . Pneumogastric, and accessory. 
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The physiology of the several nerves of the special senses 
will be considered with the organs of those senses. 


Physiology of the Third, Fourth, and Sixth Cerebral or 
Cranial Nerves. 


The physiology of these nerves may be in some degree com- 
bined, because of their intimate connection with each other in the 
actions of the muscles of the eye-ball, which they supply. They 
are probably all formed exclusively of motor fibres: some pain is 
indicated when the trunk of the third nerve is irritated near its 
origin, but this may be because of some filaments of the fifth 
nerve running backwards to the brain in the trunk of the third, 
or because adjacent sensitive parts are involved in the irritation. 

The third nerve, or motor ocul?, supplies the levator palpebree 
superioris muscle, and, of the muscles of the eye-ball, all but the 
obliquus superior or trochlearis, to which the fourth nerve is ap- 
propriated, and the rectus externus which receives the sixth 
nerve. Through the medium of the ophthalmic or lenticular gan- 
glion, of which it forms what is called the short root, it also 
supplies the motor filaments to the iris. 

When the third nerve is irritated within the sku!l, all these 
muscles to which it is distributed are convulsed. When it is 
paralysed or divided, these following effects ensue: first, the 
upper eye-lid can be no longer raised by the levator palpebre, 
but drops, and remains gently closed over the eye, under the 
unbalanced influence of the orbicularis palpebrarum, which is 
supplied by the facial nerve: secondly, the eye is tumed out- 
wards by the unbalanced action of the rectus externus, to which 
the sixth nerve is appropriated ; and hence, from the irregu- 
larity of the axes of the eyes, double-sight is often expe- 
rienced when a single object is within view of both the eyes: 
thirdly, the eye cannot be moved either upwards, downwards, or 
inwards: fourthly, the pupil is dilated. 

The relation of the third nerve to the iris is of peculiar in- 
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terest. In ordinary circumstances the contraction of the iris is 
a reflex action, which may be explained as produced by the 
stimulus of light on the retina being conveyed by the optic 
nerve to the brain (probably to the corpora quadrigemina), and 
thence reflected through the third nerve to the iris. Hence the 
wris ceases to act when either the optic or the third nerve is di- 
vided or destroyed, or when the corpora quadrigemina are de- 
stroyed or much compressed. But when the optic nerve is 
divided, the contraction of the iris may be excited by irritating 
that portion of the nerve which is connected with the brain ; 
and when the third nerve is divided, the irritation of its distal 
portion will still excite contraction of the iris in which its fibres 
are distributed. 

The contraction of the iris thus shews all the character of a 
reflex act, and in ordinary cases requires the concurrent action 
of the optic nerve, corpora quadrigemina, and third nerve ; and, 
orobably also, seeing the peculiarities of its perfect mode of 
action, the ophthalmic ganglion. But, besides, both irides will 
contract their pupils under the reflected stimulus of light falling 
on only one retina or under irritation of one optic nerve. Thus 
n amaurosis of one eye, its pupil may contract when the other 
eye is exposed to a stronger light : and generally the contraction 
of each of the pupils appears to be in direct proportion to the 


cotal quantity of light which stimulates either one or both re- 
cine, according as one or both eyes are open. 

The iris acts also in association with certain other muscles 
supplied by the third nerve: thus, when the eye is directed in- 
wards, or upwards and inwards, by the action of the third nerve 
listributed in the rectus internus and rectus superior, the iris 
contracts, as if under direct voluntary influence. The will can- 
10t, however, act on the iris alone through the third nerve; but 
his aptness to contract in association with the other muscles 
}supplied by the third, may be sufficient to make it act even in 
otal blindness and insensibility of the retina, whenever these 
muscles are contracted. The contraction of the pupils when the 
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eyes are moved inwards, as in looking at a near object, has pro- 
bably the purpose of excluding those outermost rays of light 
which would be too far divergent to be refracted to a clear 
image on the retina; and the dilatation in looking straight for- 
wards, as in looking at a distant object, permits the admission 
of the largest number of rays, of which none are too divergent to 
be so refracted.* 


The fourth nerve, or Nervus trochlearis or patieticus, is ex- 
clusively motor, and supplies only the trochlearis or obliquus 
superior muscle of the eyeball. This muscle acts spasmodically 
when the nerve is irritated, and is paralysed when the nerve is 
divided or otherwise hindered from its function. From this pa- 
ralysis results a very slight, if any, deviation of the eye from 
its normal direction ; the pupil is directed a very little upwards 
and outwards by the unbalanced action of the obliquus inferior, 
and a peculiar kind of double vision is produced in which the 
same object appears as two, placed one above the other, but 
again appears single when the head is inclined towards the 
shoulder of the opposite side to that on which the superior ob- 
lique is paralysed (Szokalski ; in Longet, exxxvi. vol. il. p. 398). 
These phenomena are explained by the peculiar actions of the 
oblique muscles, which, as Hunter+ shewed, (1. vol. iv. p. 274), 
rotate the eye round its antero-posterior axis, or round such an 
imaginary line as would nearly correspond with the prolonga- 
tion of the optic nerve. Thus, when the head is bent down for 
a certain distance towards either (say the left) shoulder, the 
corresponding points of the retinee of both eyes may be held on 
a level horizontal line by the superior oblique of the right eye 
rotating the inner part of the eye downwards, and the inferior 
oblique of the left eye rotating the inner part of its eye upwards. 


“ On the contractions of the iris, and the functions of all its nerves, see 
Dr. Radclyffe Hall’s essays (xciv. 1846). 

++ And more lately Hueck (cixvi.); Volkmann (xy. art. Sehen.); and Dr, 
G. Johnson (xxiii. art. Orlit.), 
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Thus in health, the mind receives a similar and single impres- 
sion from an object whether the head is erect or turned towards 
either side, through the action of the inferior oblique of one eye 
being associated with that of the superior oblique of the other. 
And thus in disease, when one superior oblique is paralysed, the 
inner half of the retina of that eye is rotated upwards, and 
when the image of any object falls on it, the mind refers that 
object to a point lower than that to which it refers the image of 
the same object on the other retina, though all the inner parts of 
the latter retina are really lower than the corresponding points 
of the retina on the paralysed side. 


The sixth nerve, Vervus abducens or ocularis externus, is 
also, like the fourth, exclusively motor, and supplies only the 
rectus externus muscle.* The rectus externus is, therefore, 
convulsed, and the eye is turned outwards, when the sixth 
nerve is irritated; and the muscle paralysed when the nerve is 
disorganized, compressed, or divided. In all such cases of para- 
lysis the eyesquints inwards and cannot be moved outwards. 

In its course through the cavernous sinus, the sixth nerve 
forms larger communications with the sympathetic nerve than 
any other nerve within the cavity of the skull does; and, on 
this ground, used to be considered as giving origin to the sym- 
pathetic. But the import of these communications with the 
sympathetic, and the subsequent distribution of its filaments 
after joining the sixth nerve, are quite unknown ; and there is no 
reason to believe that the sixth nerve is, in function, more closely 
connected with the sympathetic than any other cerebral nerve is. 


The question has often suggested itself why the six muscles 
of the eyeball should be supplied by three motor nerves when 


* In several animals it sends filaments to the iris (Radclyffe Hall) ; and 
it has probably done so in man, in some instances in which the iris has not 
been paralysed, while all the other parts supplied by the third nerye were. 
(See Grant, in Longet, cxxxvi, t. ii. p. 388.) 
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all of them are within reach of the branches of one nerve; and 
the true explanation would have more interest than attaches to 
the movements of the eye alone, since it is probable that we 
have in this instance, within a small space, an example of some 
general rule according to which associate or antagonist muscles 
are supplied with motor nerves. 

Now, in the several movements of the eyes we sometimes 
have to act with symmetrically placed muscles, as when both 
eyes are turned upwards or downwards, inwards or outwards.* 
All the symmetrically placed muscles are supplied with symme- 
trical nerves, 7. € With corresponding branches of the same 
nerves on the two sides; and the action of these symmetrical 
muscles is easy and natural, as we have a natural tendency to 
symmetrical movement of most parts. But because of this 
tendency to symmetrical movements of muscles supplied by 
symmetrical nerves, it would appear as if, when the two eyes” 
are to be moved otherwise than symmetrically, the muscles to 
effect such a movement must be supplied with different nerves. 
So, when the two eyes are to be turned towards one side, say 
the right, by the action of the rectus externus of the right eye 
and the rectus internus of the left, it appears as if the tendency 
to action through the similar branches of corresponding nerves 
(which would move both eyes inwards or outwards) were cor- 
rected, by one of these muscles being supplied by the sixth, and 
the other by the third nerve. So with the oblique muscles : 
the simplest and easiest actions would be through branches 
of the corresponding nerves, acting similarly as symmetrical 
muscles ; but the necessary movements of the two eyes require 
the contraction of the superior oblique of one side, to be asso- 
ciated with the contraction of the inferior oblique and the re- 
laxation of the superior oblique, of the opposite side. For this, 


* It is sometimes said that the two external recti cannot be put in action 
simultaneously: yet they are so when the eyes having been both directed 
inwards are restored to the position which they have in looking straight 
forwards. 
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the fourth nerve of one side is made to act with a branch of the 
third nerve of the other side; as if thus the tendency to simul- 
taneous action through the similar nerves of the two sides were 
prevented. At any rate, the rule of distribution of nerves here 
seems to be, that when, in frequent and necessary movements, 
any muscle has to act with the antagonist of its fellow on the 
opposite side, it and its fellow’s antagonist are supplied from 
different nerves. 


Physiology of the Fifth or Trigeminal Nerve. 


The fifth, trigeminal, or trifacial nerve resembles, as already 
stated, the spinal nerves, in that its branches are derived through 
two roots; namely, the portio major, the filaments of which 
expand to receive the corpuscles that form the Casserian gan- 
glion, and the portio minor, which has no ganglion, and passes 
under the ganglion of the portio major to join the third branch 
or division which issues from it. The first and second divisions 
of the nerve, which arise wholly from the ganglion of the portio 
major, are purely sensitive. The third division, which is formed 
in part by the portio minor, and in part from the Casserian 
ganglion, is, in its trunk and many of its branches, both motor 
and sensitive. 

Through the branches of the greater or ganglionic portion of 
the fifth nerve, all the anterior and antero-lateral parts of the 
face and head, with the exception of the skin of the parotid 
region, (which derives branches from the cervical spinal nerves,) 
acquire common sensibility; and among these parts may be 
included the organs of special sense, from which common sen- 
Sations are conveyed through the fifth nerve, and their peculiar 
sensations through their several nerves of special sense. All the 
Muscles, also, acquire muscular sensibility through the filaments 
of the ganglionic portion of the fifth nerve distributed to them 
With their proper motor nerves. 

Through branches of the lesser or non-ganglionic portion of 

U 
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the fifth the muscles of mastication, namely, the temporal, 
masseter, two pterygoid, anterior part of the digastric, and 
mylo-hyoid, derive their motor nerves. The motor function 
of these branches is proved by the violent contraction of all 
the muscles of mastication in experimental writation of the 
third, or inferior maxillary, division of the nerve; by para- 
lysis of the same muscles when it is divided or disorganised, 
or from any reason deprived of power; and by the reten- 
tion of the power of these muscles when all those supplied 
by the facial nerve lose their power through paralysis of that 
nerve. The last instance proves best that, though the buc- 
cinator muscle gives passage to, and receives some filaments 
from, a buccal branch of the inferior division of the fifth nerve, 
yet it derives its motor power from the facial, for it is paralysed 
together with the other muscles that are supplied by the facial, 
but retains its power when the other muscles of mastication are 
paralysed. It is probable, therefore, that the buccal branch of 
the fifth contains only sensitive fibres; and that of these some 
are supplied to the buccinator muscle, as to all the other mus- 
cles some sensitive fibres are distributed to confer muscular sen- 
sibility. 

The sensitive function of the branches of the greater division 
of the fitth nerve is proved by all the usual evidences, such as 
their distribution in parts that are sensitive and not capable of 
muscular contraction, the exceeding sensibility of some of these 
parts, their loss of sensation when the nerve is paralysed or 
divided, the pain without convulsions produced by morbid or 
experimental irritation of the trunk or branches of the nerve, 
and the analogy of this portion of the fifth to the posterior root 
of a spinal nerve. (See Longet and others.) 


But although formed of sensitive filaments exclusively, the } 


branches of the greater or ganglionic portion of the fifth nerve 
exercise a manifold influence on the movements of the muscles 
of the head and face and other parts in which they are distri- 
buted. They do so, in the first place, by providing the muscles 
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themselves with that sensibility, without which the mind, heing 
unconscious of their position and state, cannot voluntarily exer- 
cise them. It is, probably, for conferring this sensibility on the 
muscles, that the branches of the fifth nerve anastomose so fre- 
quently with those of the facial and hypoglossal, and the nerves 
of the muscles of the eye; and it is because of the loss of this 
sensibility that when the fifth nerve is divided, animals are 
always slow and awkward in the movements of the muscles 


of the face and head, or hold them still, or guide their move- 


ments by the sight of the objects towards which they wish to 
move. 

Again, the fifth nerve has an indirect influence on the 
muscular movements by conveying sensations of the state and 
position of the skin and other parts; which the mind per- 
ceiving, is enabled to determine appropriate acts. Thus, when 
the fifth nerve, or its infra-orbital branch is divided, the move- 
ments of the lips in feeding may cease or be imperfect ; a fact 
which led Sir Charles Bell into one of the very few errors of his 
physiology of the nerves. He supposed that the motion of the 
upper lip, in grasping food, depended directly on the infra- 
orbital nerve ; for he found that after he had divided that nerve 
on hoth sides in an ass, it no longer seized the food with its lips, 
but merely pressed them against the ground, and used the tongue 
for the prehension of the food. Mr. Mayo corrected this error. 
He found, indeed, that, after the infra-orbital nerve had been 
divided, the animal did not seize its food with the lip, and could 
not use it well during mastication, but that it could open the 
lips. He, therefore, justly attributed the phenomena in Sir C. 
Bell’s experiments to the Joss of sensation in the lips ; the animal 
not being able to feel the food, and, therefore, although it had 
the power to seize it, not knowing how or where to use that 
power. 

Lastly, the fifth nerve has an intimate connection with mus- 
cular movement through the many reflex acts of muscles of 
Which it is the necessary excitant. Hence, when it is divided, 

U 2 
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and can no longer convey impressions to the nervous centres 
to be thence reflected, the irritation of the conjunctiva produces 
no closure of the eye, the mechanical irritation of the nose ex- 
cites no sneezing, that of the tongue no flowing of saliva; and 
although tears and saliva may flow naturally, their efllux is not 
increased by the mechanical or chemical or other stimuli, to the 
indirect or reflected influence of which it is liable in the perfect 
state of this nerve. 

The fifth nerve, through its ciliary branches and the branch 
which forms the long root of the ciliary or ophthalmic ganglion, 
exercises, also, some influence on the movements of the iris. 
When the trunk or the ophthalmic portion is divided, the pupil 
becomes, according to Valentin (iv. vol. i. p. 666), contracted 
in men and rabbits, and dilated in cats and dogs; but, in all 
cases, becomes immovable, even under all the varieties of the 
stimulus of light. How the fifth nerve thus affects the iris is 


unexplained ; according to Longet, the same effects are pro-— 


duced by destruction of the superior cervical ganglion of the 
sympathetic, so that, possibly, they are due to the injury of 
those filaments of the sympathetic which, after joining the 
trunk of the fifth at and beyond the Casserian ganglion, proceed 
with the branches of its ophthalmic division to the iris: or, as 
Dr. R. Hall ingeniously suggests, the influence of the fifth nerve 
on the movements of the iris may be ascribed to the affection 
of vision in consequence of the disturbed circulation or nutrition 
in the retina, when the normal influence of the fifth nerve and 
ciliary ganglion is disturbed. In such disturbance, increased 
circulation making the retina more irritable, might induce ex- 
treme contraction of the iris; or, under moderate stimulus of 
light, producing partial blindness, might induce dilatation: but 
it does not appear why, if this be the true explanation, the iris 
should in either case be immovable and unaffected by the 
various degrees of light. 

Furthermore, the complete paralysis or division of the fifth 
nerve, by the morbid effects which it produces in the organs of 


THE CEREBRAL NERVES. 4357 


special sense, makes it probable that, in the normal state, the 


fifth nerve exercises some indirect influence on all these organs 


or their functions. Thus, after such complete paralysis, within 
a period varying from twenty-four hours to a week, the cornea 
begins to be opaque ; then it grows completely white ; a low de- 
structive inflammatory process ensues in the conjunctiva, scle- 
rotica, and interior parts of the eye; and within one or a few 
weeks, the whole eye may be quite disorganized, and the cornea 
may slough or be penetrated by a large ulcer. The sense of 
smel] (and not merely that of mechanical irritation in the nose), 
may be at the same time lost, or gravely impaired ; so may the 
hearing; and commonly, whenever the fifth nerve is paralysed, 
the tongue loses the sense of taste in its anterior and lateral 
parts, «e. in the portion in which the lingual or gustatory 
branch of the inferior maxillary division of the fifth is dis- 
tributed. 

The loss of the sense of taste may be due to the lingual 
branch of the fifth nerve being, really, a nerve of special sense ; 
or it may he because it supplies, in the anterior and lateral 
parts of the tongue, a necessary condition for the proper nutri- 
tion of that part. But, deferring this question till the glosso- 
pharyngeal nerve is to be considered, it may be observed that 
in some brief time after complete paralysis, or division, of the 
fifth nerve, the power of all the organs of the special senses 
may be lost; they may lose not merely their sensibility to 
common impressions, for which they all depend directly on the 
fifth nerve, but also their sensibility to the several peculiar im- 
pressions for the reception and conduction of which they are 
purposely constructed and supplied with special nerves besides 
the fifth. The facts observed in these cases* can, perhaps, be 
only explained by the influence which the fifth nerve exercises 


on the nutritive processes in the organs of the special senses. 


It is not unreasonable to believe that, in paralysis of the fifth 


a ee * ° 
Two of the best cases are published, with analyses of others, by Mr. 
Dixon in the Medico-Chirurgical Transactions, vol. xxviii. 
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nerve, their tissues may be the seats of such changes as are seen 
in the laxity, the vascular congestion, cedema, and other affec- 
tions of the skin of the face and other tegumentary parts which 
also accompany the paralysis ; and that these changes, which may 
appear unimportant when they affect external parts, are suffi- 
cient to destroy that refinement of structure by which the organs 
of the special senses are adapted to their functions. 

In the chapter on Nurririon (p. 292), the question is men- 
tioned whether of the two, the fifth or the sympathetic nerve, 
conveys the impression by which the nutrition of the parts is in- 
fluenced ; and it is stated that Magendie and Longet have observed 
that the destruction of the eye ensues more quickly after division 
of the trunk of the fifth beyond the Casserian ganglion, or after 
division of the ophthalmic branch, than after division of the 
roots of the fifth between the brain and the ganglion. Hence 
it would appear as if the influence on nutrition were conveyed 
through the filaments of the sympathetic, which join the 
branches of the fifth nerve at and beyond the Casserian gan- 
glion, rather than through the filaments of the fifth itself; and 
this is confirmed by some experiments in which extirpation of 
the superior cervical ganglion of the sympathetic appeared to | 
produce the same destructive disease of the eye as commonly 
follows the division of the fifth nerve. . 

And yet, that the filaments of the fifth nerve, as well as those 
of the sympathetic, may conduct such influence appears certain 
from the cases, including that by Mr. Stanley, in which the 
source of the paralysis of the fifth nerve was near the brain, or at 
its very origin, before it receives any communication from the sym- 
pathetic nerve. The problem, therefore, cannot yet be certainly 
solved. The existence of ganglia of the sympathetic in connection 
with all the principal divisions of the fifth nerve where it gives 
off those branches which supply the organs of special sense—for 
example, the connection of the ophthalmic ganglion with the oph- 
thalmic nerve at the origin of the ciliary nerves ; of the spheno- 
palatine ganglion with the superior maxillary division where it 
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gives its branches to the nose and the palate ; of the otic gan- 
glion with the inferior maxillary near the giving off of filaments 
to the internal ear; and of the submaxillary ganglion with the 
lingual branch of the fifth—all these connections suggest that a 
peculiar and probably conjoint influence of the sympathetic and 
fifth nerves is exercised in the nutrition of the organs of the 
special senses ; and the results of experiment and disease con- 
firm this by shewing that the nutrition of the organs may be 
impaired in consequence of impairment of the power of either 
of the nerves. 

A singular connection between the fifth nerve and the sense 
of sight are shewn in cases of no unfrequent occurrence, in which 
blows or other injuries implicating the frontal nerve as it passes 
over the brow are followed by total blindness in the corre- 
sponding eye. The blindness appears to be the consequence 
of defective nutrition of the retina; for although, in some cases, 
it has ensued immediately, as if from concussion of the retina, 
yet in some it has come on gradually like slowly progressive 
amaurosis, and in some with inflammatory disorganisation fol- 
lowed by atrophy of the whole eye.* And, again, the fifth 
nerve is shewn intimately connected with the third by cases in 
which paralysis of the third has followed neuralgia of the fifth ; 
and not less, by the influence of belladonna applied to the fila- 
ments of the fifth, and producing a kind of paralysis of the iris 
through a reflected narcotising influence on the branches of the 
third. 


Physiology of the Facial Nerve. 


The facial, or portio dura of the seventh pair of nerves, is 
the motor nerve of all the muscles of the face, including the 
platysma, but not including any of the muscles of mastication 
already enumerated (p. 434); it supplies, also, through the 
connection of its trunk with the Vidian nerve, by the petrosal 


* Such a ease is recorded by Snabilie in the Nederlandsch Lancet, 
August, 1846, 
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nerves, some of the muscles, most probably the levator palati 
and azygos uvule, of the soft palate ; by its tympanic branches 
it supplies the stapedius and laxator tympani, and through the 
otic ganglion the tensor tympani; through the chorda tympani 
it supplies the lingualis and some other muscular fibres of the 
tongue ; and by branches given off before it comes upon the face, 
it supplies the muscles of the external ear, the posterior part of 
the digastricus, and the stylo-hyoideus.* 

To all these muscles it is the sole motor nerve, and it is pro- 
bably exclusively motor in its power; no pain is produced by 
irritating it near its origin (Valentin), and the indications of 
pain which are elicited when any of its branches are irritated 
may be explained by the abundant anastomoses which, in all 
parts of its course, it forms with sensitive nerves, whose fila- 
ments being mingled with its own are the true source of the 
pain. Such anastomoses are effected with the fifth nerve 
through the petrosal branches of the Vidian, and probably also 
through the chorda tympani, and with the pneumogastric nerve 
through its auricular branch, even before the facial leaves the 
cranium. 

When the facial nerve is divided, or in any other way para- 
lysed, the loss of power in the muscles which it supplies, while 
proving the nature and extent of its functions, displays also the 
necessity of its perfection for the perfect exercise of all the organs 
of the special senses. Thus, in paralysis of the facial nerve, the 
orbicularis palpebrarum being powerless, the eye remains open 
through the unbalanced action of the levator palpebree, and the 
conjunctiva, thus continually exposed to the air and the contact 
of dust, is liable to repeated inflammation, which may end in 
thickening and opacity of both its own tissue and that of the 
cornea. These changes, however, ensue much more slowly than 
those which follow paralysis of the fifth nerve, and never bear 
the same destructive character ; both because the nutrition of the 


* On the minute anatomy of the facial nerve, see especially Morganti 
(exx. 1845, or an abstract in xxy. 1844-4, p. 53) 5 and Beek (cbxiy.). 
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eye is not directly interfered with, and because the globe can 
still be moved upwards and inwards, so as to carry the cornea 
partially under the angle of the upper eyelid in winking and 
sleeping. In paralysis of the facial nerve, also, tears are apt to 
flow constantly over the face, apparently because of the paralysis 
of the tensor tarsi muscle, and the loss of the proper direction and 
form of the orifice of the puncta lacrymalia. By these things 
the sense of sight is impaired. 

The sense of hearing, also, is impaired in many cases of para- 
lysis of the facial nerve; not only in such as are instances of 
simultaneous disease in the auditory nerves, but in such as may 
be explained by the loss of power in the muscles of the internal 
ear. The sense of smell is commonly at the same time impaired 
through the inability to draw air briskly towards the upper part 
of the nasal cavities, in which part alone the olfactory nerve is 
distributed ; because, to draw the air perfectly in this direction, 
the action of the dilators and compressors of the nostrils should 
be perfect. 

Lastly, the sense of taste is impaired, or may be wholly lost, in 
paralysis of the facial nerve ; provided the source of the paralysis 
be in some part of the nerve between its origin and the giving off 
of the chorda tympani. This result, which has been observed in 
many instances of disease of the facial nerve in man,* appears 
explicable only by the influence which, through the chorda 
tympani, it exercises on the movements of the lingualis and 
the adjacent muscular fibres of the tongue; and according to 
some, or probably in some animals, on the movements of the 
stylo-glossus. This result is not due to any gustatory fibres 
conveyed by the chorda tympani from the Vidian nerve to the 
tongue; for the loss of taste is observed when the facial is 
paralysed by some affection behind the junction of the great 


* See especially C, Bernard (cxxii. 1844). See also Guarini (exx. 1842), 
and Verga (xc. 1843) ; and for evidences against this view see Morganti 
(exx. 1845 and 1846). He maintains that the chorda tympani is formed 
exclusively of sensitive fibres ; but in this he is most probably wrong. 


Uso 
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petrosal branch of the Vidian, when, therefore, whatever fila- 
ments of the Vidian there may be in the chorda tympani are 
unaffected. We can, therefore, only suppose that the accurate 
movement of these muscles of the tongue is essential to the 
exercise of taste; a fact, if it be so, which is the more singular, 
because the sense of taste is not materially impaired in cases of 
paralysis of all the other muscles of the tongue through injury 
of the hypoglossal nerve. 

Together with these effects of paralysis of the facial nerve, 
the muscles of the face being all powerless, the countenance 
acquires on the paralysed side a characteristic, vacant look, 
from the absence of all expression: the angle of the mouth is 
lower, and the paralysed half of the mouth looks longer than 
that on the other side; the eye has an unmeaning stare. All 
these peculiarities increase, the longer the paralysis lasts ; and 
their appearance is exaggerated when at any time the muscles 
of the opposite side of the face are made active in any expres- 
sion, or in any of their ordinary functions. In an attempt to 
blow or whistle, one side of the mouth and cheek acts properly, 
but the other side is motionless or flaps loosely, at the impulse 
of the expired air; so in trying to suck, one side only of the 
mouth acts; in feeding, the lip and cheek are powerless, and 
food lodges between the cheek and gum. 

The number of movements concerned in respiration which 
are performed under the control of the facial nerve, and the 
great share which it has in the movements most expressive of 
the states of the mind, led Sir Charles Bell to place the facial 
in his class of respiratory nerves. But there are no instances 
in which, when unable to act under ordinary stimuli or in other 
functions, the facial nerve has yet been capable of action in 
respiratory movements ; its paralysis, when complete, is so in 
respect to every function alike. As a nerve of expression, it 
must not be considered independent of the fifth nerve, with 
which it forms so numerous anastomoses; for although it is 
through the facial nerve alone that all the muscles of the face 


| 
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are put into their naturally expressive actions, yet the power 
which the mind has of suppressing, controlling, and imitating 
or acting all these expressions, can only be exercised by volun- 
tary and well-educated actions directed through the facial nerve 
with the guidance of the knowledge of the state and position of 
every muscle ; which knowledge is acquired only through the 
fifth nerve, which confers sensibility on the muscles, and ap- 
pears, for this purpose, to be more abundantly supplied to the 
muscles of the face than any other sensitive nerve is to those of 
other parts. 

It has been already said, that the facial nerve perhaps sup- 
plies the levator palati and azygos uvule muscles with motor 
power ; but the same is also ascribed, as probable, to the pneu- 
mogastric and accessory nerves. The evidence for the facial is, 
chiefly, the fact that when it is paralysed the uvula often devi- 
ates to the opposite side, and recovers its median position when 
the paralysis ceases ; a condition which is also said to be some- 
times observed when the petrosal nerves, through which alone 
the facial can supply the palate, are injured in fracture of the 
base of the skull. The middle posterior palatine nerve, also, 
passes into the levator palati and azygos uvule, and may, through 
the petrosal nerves and spheno-palatine ganglion, receive fila- 
ments from the facial nerve. But, on the other hand, irritation 
of the trunk of the facial nerve produces no contractions of these 
muscles of the palate (Hein, rxxx. 1844; Valentin, iii.) ; and 
the experiments of Hein seemed to shew that such contractions 
did follow the irritation of the pneumogastrie and accessory 
nerves, from one or both of which, filaments pass to the palate 
through branches of the glosso-pharyngeal.* 


Physiology of the Glosso-Pharyngeal Nerve. 


The glosso-pharyngeal nerves, in the enumeration of the cere- 
bral nerves by numbers according to the position in which they 


aT 6 ; ; F ; 2 
The several cases relating to this question are given in xxv. 1843-4-5. 


4.4.4, THE CEREBRAL NERVES. 


leave the cranium, are considered as divisions of the eighth pair 
of nerves, in which term are included with them the pneumo- 
gastric and accessory nerves. But the union of the nerves 
under one term is inconvenient, although in some parts the 
glosso-pharyngeal and pneumogastric are so combined in their 
distribution that it is impossible to separate them in either 
anatomy or physiology. 

The glosso-pharyngeal nerve appears to give filaments 
through its tympanic branch (Jacobson’s nerve), to the fenestra 
ovalis, and fenestra rotunda, and the Eustachian tube ; also, to 
the carotid plexus, and, through the lesser petrosal nerve, to the 
spheno-palatine ganglion.* After communicating, either within 
or without the cranium, with the pneumogastric, and, soon after 
it leaves the cranium, with the sympathetic, digastric branch of 
the facial, and the accessory nerve, the glosso-pharyngeal 
nerve parts into the two principal divisions indicated by its 
name, and supplies the mucous membrane of the posterior and 
lateral walls of the upper part of the pharynx, the Eustachian 
tube, the arches of the palate, the tonsils and their mucous 
membrane, and the tongue to as far forwards as the foramen 
ceecum in the middle line, and to near the tip at the sides and 
inferior part. 

Some experiments make it probable that the glosso-pharyn- 
geal nerve contains, even at its origin, some motor fibres, toge- 
ther with those of common sensation and the sense of taste. 
For Volkmann (Lxxx. 1840), and Hein (Lxxx. 1844), when 
they divided the nerve within the skull, and then iritated its 
distal portion, saw movements of the pharynx and of the pa- 
late and its arches, which appeared to be due to contractions of 
the stylo-pharyngeus, and, perhaps also, of the palato-glossus 
muscles, But the recent experiments of Biffi and Morganti (cxx. 
1847), do not confirm these; for they could see no contractions 
of the pharynx when the glosso-pharyngeal was irritated within 
the skull but such contractions ensued at once when the ac- 


* See especially Beck (cixiy). 
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scessory nerve was irritated. Whatever motor influence, there- 
}fore, is conveyed directly through branches of the glosso- 
» pharyngeal may be ascribed to the filaments of the pneumogas- 
trie or accessory that are mingled with it. 
The experiments of Dr. John Reid (xciv. 1838), confirm- 
ing those of Panizza and Longet, tend to the same conclu- 
sions; and their results probably express nearly all the truth 
‘regarding the part of the glosso-pharyngeal which is distributed 
to the pharynx. These results were that,—1. Pain was pro- 
duced when the nerve, particularly its pharyngeal branches, were 
ritated. 2. Irritation ofthe nerve before the giving off its pha- 
ryngeal branches, or of any of these branches, gave rise to exten- 
sive muscular motions of the throat and lower part of face; but, 
when the nerve was divided, these motions were excited by 
irritating the upper or cranial portion, while irntation of the 
lower end, or that in connection with the muscles, was followed 


by no movement; so that these motions must have depended 


on a reflex influence transmitted to the muscles through other 
nerves by the intervention of the nervous centres. 38. When 


the functions of the brain and medulla oblongata were arrested 
by poisoning the animal with prussic acid, irritation of the 
glosso-pharyngeal nerve, before it was joined by any branches 
from the pneumogastric, gave rise to no movements in the 


-muscles of the pharynx or other parts to which it was distri- 


buted; while, on irritating the pharyngeal branch of the pneu- 
mogastric, or the glosso-pharyngeal nerve after it had received 
the communicating branches just alluded to, vigorous move- 
ments of all the pharyngeal muscles and of the upper part of 
the cesophagus followed. 
The most probable conclusion, therefore, may be that what 
_ motor influence the glosso-pharyngeal nerve may seem to exercise, 
is due either to the filaments of the pneumogastric or accessory 
' that are mingled with it, or to impressions conveyed through it 
| tothe medulla oblongata, and thence reflected to muscles through 


| Motor nerves, especially the pneumogastric, accessory, and 
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facial. Thus, the glosso-pharyngeal nerve excites through the 
medium of the medulla oblongata the actions of the muscles of 
deglutition. It is the chief centripetal nerve engaged in these 
actions ; yet not the only one, for, as Dr. John Reid has shewn 
the acts are scarcely disturbed or retarded when both the 
glosso-pharyngeal nerves are divided. 

But besides being thus a nerve of common sensation in the 
parts which it supplies, and a centripetal nerve through which 
impressions are conveyed to be reflected to the adjacent muscles, 
the glosso-pharyngeal is also a nerve of special sensation ; being 
the gustatorynerve, or nerve of taste in all the parts of the 
tongue to which it is distributed. After many discussions, the 
question, which is the nerve of taste ?—the lingual branch of the 
fifth, or the glosso-pharyngeal ?—may be most probably answered 
by stating that they are both nerves of this special function. 
For very numerous experiments and cases have shewn that 
when the trunk of the fifth nerve or its lingual branch is para- 
lysed or divided, the sense of taste is completely lost in the su- 
perior surface of the anterior and lateral parts of the tongue. 
The loss is instantaneous after division of the nerve ; and, there- 
fore, cannot be ascribed to the defective nutrition of the part, 
though to this, perhaps, may be ascribed the more complete and 
general loss of the sense of taste when the whole of the fifth 
nerve has been long paralysed. 

But, on the other hand, while the loss of taste in the part 
of the tongue to which the lingual branch of the fifth nerve is 
distributed proves that to be a gustatory nerve, the fact that 
the sense of taste is at the same time retained in the posterior 
and postero-lateral parts of the tongue, and in the soft palate 
and its anterior arch, to which (and to some parts of which 
exclusively) the glosso-pharyngeal is distributed, proves that 
this also must be a gustatory nerve. In a patient lately in 
St. Bartholomew’s Hospital, the left lingual branch of the fifth 
nerve was divided in removing a portion of the lower jaw: she 
lost both common sensation and the sensation of taste in the 


THE CEREBRAL NERVES. - 447 


tip and anterior parts of the left half of the tongue, but 
retained both in all the rest of the tongue. M. Lisfrane and 
others have noted similar cases; and the phenomena in them 
are sO simple and clear, that there can scarcely be any fallacy 
in the conclusion that the lingual branches of both the fifth and 
the glosso-pharyngeal nerves are gustatory nerves in the parts of 
the tongue which they severally supply. 

This conclusion is confirmed by some experiments on ani- 
mals ;* and, perhaps, more satisfactorily as concerns the sense 
of taste in man, by observation of the parts of the tongue and 
fauces in which the sense is most acute. According to Valen- 
tin’s experiments made on thirty students, the parts of the 
tongue from which the clearest sensations of taste are derived, 
are the base, as far as the foramen caecum and lines diverging 
forwards on each side from it; the posterior palatine arches 
down to the epiglottis ; the tonsils and upper part of the pha- 
rynx over the root of the tongue. These are the seats of the 
distribution of the glosso-pharyngeal nerve. The anterior dorsal 
surface, and parts of the anterior and inferior parts of the 
tongue, in which the lingual branch of the fifth is alone distri- 
buted, conveyed no sense of taste in the majority of the subjects of 
Valentin’s experiments ; but even if this were generally the case, 
it would not invalidate the conclusion that, in those who have 
the sense of taste in the anterior and upper part of the tongue, 
the lingual branch of the fifth is the nerve by which it is exer- 
cised. And the same may be said of the soft palate and 
uvula; in those who have the sense of taste in these parts 
its nerves must be branches of the fifth; for, unless it be 
through the minute branch which passes into the Jacobsonian 


* Namely, those of Magendie, Mayo, Miiller, and Kornfeld (see Miller, 
xxxil. p. 822) ; and most completely by those of Dr. Alcock (Lxxi. 1836), 
and of Morganti and Biffi (cxx. 1847). On the contrary are the experiments 
of Panizza (recorded by Dr. Burrows, Lxxi. vol. xvi.) ; of Valentin (iii. and 
iv.), and of Wagner (xxxviii. No, 75). Some explanation of the probable 
source of the contradiction is given by Morganti (/. c.). 
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plexus, and might thence pass through the inferior petrosal 
nerve and spheno-palatine ganglion, the glosso-pharyngeal nerve 
can send no filaments to the soft palate. 


Physiology of the Pneumogastric Nerve. 


The pneumogastric nerve, nervus vagus, or par vagum, has, 
of all the cranial and spinal nerves, the most various distribu- 
tion, and influences the most various functions, either through 
its own filaments or those which, derived from other nerves, are 
mingled in its branches. 

The parts supplied by the branches of the pneumogastric 
nerve are as follows; by its pharyngeal branches, which enter 
the pharyngeal plexus, a large portion of the mucous membrane, 
and, probably, all the muscles of the pharynx ; by the superior 
laryngeal nerve, the mucous membrane of the under surface of 
the epiglottis, the glottis, and the greater part of the larynx, and 
the crico-thyroid muscle ; by the inferior laryngeal nerve, the 
mucous membrane and muscular fibres of the trachea, the lower 
part of the pharynx and larynx, and all the muscles of the 
larynx except the crico-thyroid; by cesophageal branches, the 
mucous membrane and muscular coats of the esophagus. More- 
over, the branches of the pneumogastric nerve form a large por- 
tion of the supply of nerves to the heart and the great arteries 
through the cardiac nerves, derived from both the trunk and the 
recurrent nerve; to the lungs, through both the anterior and 
the posterior pulmonary plexuses; and to the stomach by its 
terminal branches passing over the walls of that organ. 

From the parts thus enumerated as receiving nerves from the 
pneumogastric, it might be assumed that it is a nerve of mixed 
function, both sensitive and motor. Experiments prove that it 
is so from its origin, for the irritation of its roots, even within 
the cranial cavity, produces both pain and convulsive move- 
ments of the larynx and pharynx, and when it is divided with- 
in the skull the same movements follow the irritation of the 
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distal portion, shewing that they are not due to reflex action. 
Similar experiments prove that, through its whole course, it 
contains both sensitive and motor fibres, but after it has 
emerged from the skull, and, in some instances, even sooner, it 
enters into so many anastomoses that it is hard to say whether 
the filaments it contains are, from their origin, its own, or 
whether they are derived from other nerves combining with it. 
This is particularly the case with the filaments of the sympa- 
thetic nerve, which are abundantly added to nearly all the 
branches of the pneumogastric. The likeness to the sympathe- 
tic which it thus acquires, is further increased by its containing 
many filaments derived, not from the brain, but from its own 
petrosal ganglia, in which filaments originate, in the same 
manner as in the ganglia of the sympathetic, so abundantly 
that the trunk of the nerve is visibly larger below the ganglia 
than above them (Bidder and Volkmann, xv. Art. Vervenphy- 
siologie). Next to the sympathetic nerve, that which most im- 
portantly communicates with the pneumogastric is the accessory 
nerve, whose internal branch joins its trunk, and is lost 
| in it. 

Properly, therefore, the pneumogastric might be regarded as a 
triple-mixed nerve ; having, out of its own sources, motor, sen- 
sitive, and sympathetic or ganglionic nerve-fibres ; and to this 
natural complexity it adds that which it derives from the re- 
ception of filaments from the sympathetic, accessory, and cervi- 
cal nerves, and, probably, the glosso-pharyngeal and facial. 

The most probable account of the particular functions which 
the branches of the pneumogastric nerve discharge in the seve- 
val parts to which they are distributed may be drawn from Dr. 
John Reid’s experiments on dogs (xciv. vols. xLix. and Li.), 
They show that, —1. The pharyngeal branch is the principal, if 
not the sole, motor nerve of the pharynx and soft palate,* and 
is most probably wholly motor ; a part of its motor fibres being 


* On the probable influence of the facial in the movements of the palate, 
| See p. 440 ; and on the glosso-pharyngeal, see p. 444, 
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derived from the internal branch of the accessory nerve. 2. The 
inferior laryngeal nerve is the motor nerve of the larynx, irrita- 
tion of it producing vigorous movements of the arytenoid carti- 
lages ; while irritation of the superior laryngeal nerve gives rise 
to no action in any of the muscles attached to the arytenoid 
cartilages, but merely to contractions of the crico-thyroid muscle. 
8. The superior laryngeal nerve is chiefly sensitive; the in- 
ferior, for the most part, motor; for division of the recurrent 
nerves puts an end to the motions of the glottis, but without 
lessening the sensibility of the mucous membrane ; and division 
of the superior laryngeal nerves leaves the movements of the 
glottis unaffected, but deprives it of its sensibility. 4. The 
motions of the cesophagus are dependent on motor fibres of the 
pneumogastric, and are probably excited by impressions made 
upon sensitive fibres of the same ; for irritation of its trunk ex- 
cites motions of the esophagus, which extend over the cardiac 
portion of the stomach ; and division of the trunk paralyses 
the sophagus, which then becomes distended with the food. 


5. The cardiac branches of the pneumogastric nerve are one, — 


but not the sole, channel through which the influence of the 


central organs and of mental emotions is transmitted to the — 


heart. 6. The pulmonary branches form the principal, but not 
the only, channel by which the impressions on the mucous sur- 
face of the lungs that excite respiration, are transmitted to the 
medulla oblongata. Dr. Reid was unable to determine whether 
they contain motor fibres; but reasons for believing that they 
do so, have been already given (p. 155). 

From these results, and referring to what has been said in 
former chapters, the share which the pneumogastric nerve takes 
in the functions of the several parts to which it sends branches 
may be understood :— 

1. In deglutition, the motions of the pharynx are of the re- 
flex kind. The stimulus of the food, or other substance to be 
swallowed, acting on the filaments of the glosso-pharyngeal, 
the filaments of the superior laryngeal given to the pharynx, and 
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the cervical nerves, is conducted to the medulla oblongata, 
where it is reflected, chiefly, through the pneumogastric to the 
muscles of the pharynx and, perhaps, also of the soft. palate 
(see further, pp. 198 and 403). 

2. In the functions of the larynx, the sensitive filaments of 
the pneumogastric supply that acute sensibility by which the 
glottis is guarded against the ingress of foreign bodies, or of 
irrespirable gases. The contact of these stimulates the fila- 
ments of the superior laryngeal branch of the pneumogastric ; 
and the impression conveyed to the medulla oblongata, whether 
it produces sensation or not, is reflected to the filaments of the 
recurrent or inferior laryngeal branch, and excites contraction of 
the muscles that close the glottis. Both these branches of the 
pheumogastric co-operate also in the production and regulation 
of the voice ; the inferior laryngeal determining the contraction 
of the muscles that vary the tension of the vocal cords, and the 
superior laryngeal conveying to the mind the sensations of the 
state of these muscles necessary for their continuous guidance. 
And both the branches co-operate in the actions of the larynx 
in the ordinary slight dilatation and contraction of the glottis 
in the acts of expiration and inspiration, and more evidently in 
those of coughing and other forcible respiratory movements (p. 
170). 

3. It is partly through their influence on the sensibility and 
muscular movements in the larynx, that the pneumogastric 
nerves exercise so great an influence on the respiratory process, 
and that the division of both the nerves is commonly fatal. To 
determine how death is in these cases produced has been the 
object of innumerable and often contradictory experiments. — It 
is probably produced differently in different cases, and in many 
is the result of several co-operating causes. Thus, after division 
of both the nerves, the respiration at once becomes slower, the 
number of respirations in a given time being commonly dimi- 
nished to one-half (Emmert, xxxii. p. 371; J. Reid, xciv. 1839); 
probably, because the pneumogastric nerves are the principal 
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conductors of the impression of the necessity of breathing to the 
medulla oblongata. Respiration does not cease, for it is proba- 
ble that the impression may be conveyed to the medulla ob- 
longata through the sensitive nerves of all parts in which the 
imperfectly aerated blood flows (see p. 223); yet the respira- 
tion being retarded adds to the other injurious effects of division 
of the nerves. 

Again, division of both pneumogastric trunks, or of both 
their recurrent branches, is often very quickly fatal in young 
animals; but in old animals the division of the recurrent 
nerves is not generally fatal, and that of both the pneumo- 
gastric trunks is not always fatal (J. Reid, 7. ¢.), and, when it 
is so, the death ensues slowly. ‘This difference is probably 
because the yielding of the cartilages of the larynx in young 
animals permits the glottis to be closed by the atmospheric 
pressure in inspiration, and they are thus quickly suffocated 
unless tracheotomy is performed (Legallois, exxxix.). In old 
animals, the rigidity and prominence of the arytenoid cartilages 
prevents the glottis from being completely closed by the atmo- 
spheric pressure ; even when all the muscles are paralysed, a 
portion at its posterior part remains open, and through this the 
animal continues to breathe. Yet, the diminution of the orifice 
for respiration may add to the difficulty of maintaining life. 

In the cases of slower death after division of both the pneu- 
mogastric nerves, the lungs are commonly found gorged with 
blood, cedematous, or nearly solid, or with a kind of low pneumo- 
nia, and with their bronchial tubes full of frothy bloody fluid and 
mucus, changes to which, in general, the death may be proxi- 
mately ascribed. These changes are due, perhaps in part to the 
influence which the pneumogastric nerves exercise on the chemical 
process of respiration in the lungs, and the movements of the 
air-cells and bronchi; yet, since they are not always produced 
in one lung when its pneumogastric nerve is divided, they 
cannot be ascribed wholly to the suspension of organic nervous 
influence (J. Reid). Rather, they may be ascribed to the hin- 
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_drance to the passage of blood through the lungs in consequence 
of the diminished supply of air, and the excess of carbonic acid 
in the air-cells (see p. 172): and in part, also, as the experi- 
ments of Traube especially shew (cLxxi. 1846), they appear 
due to the passage of food and of the various secretions of the 
mouth and fauces through the glottis, which, being deprived of 
its sensibility, is no longer stimulated or closed in consequence 
of their contact. He says, that if the trachea be divided and 
separated from the cesophagus, or if only the cesophagus be tied, 
so that no food or secretion from above can pass down the tra- 
chea, no degeneration of the tissue of the lungs will follow the 
division of the pneumogastric nerves. So that, on the whole, 
death after division of the pneumogastric nerves may be ascribed, 
when it occurs quickly in young animals, to suffocation through 
»mechanical closure of the paralysed glottis : and, when it occurs 
more slowly, to the congestion and pneumonia produced by the 
diminished supply of air and by the passage of foreign fluids 
into the bronchi, and aggravated by the diminished frequency 
of respiration, the insensibility to the diseased state of the lungs, 
the diminished aperture of the glottis, and the loss of the due 
nervous influence upon the process of respiration. 

4. Respecting the influence of the pneumogastrie nerves on 


| the movements of the csophagus and stomach, the secretion of 
gastric fluid, the sensation of hunger, absorption from the sto- 
mach, and the action of the heart, former pages may be referred 
to, especially pages 198, 403, 222 to 225, and 100. On all 
these parts the influence is, as its structure (p. 449) would 
suggest, like that of the sympathetic more than that of a cere- 
‘bro-spinal nerve; the movements that follow its irritation 
‘being in the stomach slow and continuous, and in the heart 
rather tardily following the irritation. 
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Physiology of the Accessory Nerve. 


In the preceding pages it is implied that all the motor influ- 
ence which the pneumogastric nerves exercise, is conveyed 
through filaments which, from their origin, belong to them; 
and this is, perhaps, true. Yet a question may still be en- 
tertained, which has been often discussed, whether all or 
a great part of the motor filaments that appear to belong to 
the pneumogastric nerves are not given to them from the ac- 
cessory nerves.* 

The principal branch of the accessory nerve, its external 
branch, supplies the sterno-mastoid and trapezius muscles ; and, 
though pain is produced by irritating it, is composed almost ex- 
clusively of motor fibres. It might appear very probable, there- 
fore, that the mternal branch, which is added to the trunk of 
the pneumogastric just before the giving off of the pharyngeal 
branch, is also motor ; and that through it the pneumogastric 
nerve derives part of the motor fibres which it supplies to the 
muscles enumerated above. And, further, since the pneumo- 
gastric nerve has a ganglion just above the part at which the 
internal branch of the accessory nerve joins its trunk, a close 
analogy may seem to exist between these two nerves and the 
spinal nerves with their anterior and posterior roots. In this 
view, Arnold and several later physiologists have regarded the 
accessory nerve as constituting a motor root of the vagus nerve; 
and, although this view cannot now be maintained, yet it is 
very probable that the accessory nerve gives some motor fila- 
ments to the pneumogastric. For, among the experiments on 
the point, many have shewn that when the accessory nerve 
is irritated within the skull, convulsive movements ensue in 
some of the muscles of the larynx ; all of which, as already 
stated, are supplied, apparently, by branches of the pneumogas- 
tric: and (which is a very significant fact) Vrolik states that 


* An abstract of nearly the whole discussion is given in xxy. 1843-4. 
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‘in the chimpansé the internal branch of the accessory does not 
join the pneumogastric at all, but goes direct to the larynx. On 
‘the whole, therefore, although in some of the experiments no 
‘movements in the Jarynx followed iritation of the accessory 
merve, yet it may be concluded that it gives to the pneumogas- 
trie nerve some of the motor filaments which pass, with the 
laryngeal branches, to the muscles of the larynx, especially to 
‘the crico-thyroid (Bernard, cxxii. 1844). 

It is not certain whether, besides these, the accessory gives 
‘to the pneumogastrie any other motor filaments ; for the expe- 
‘riments to determine whether, on irritating the accessory with- 
‘in the skull, the muscles of the pharynx, esophagus, or other 
‘parts besides the larynx are convulsed, are completely contra- 
‘dictory, and there appears no other means than that of experi- 
‘ment by which the difficulty may be solved. It is, however, 

certain that the accessory nerve does not supply a// the motor 

‘filaments which the branches of the pneumogastrie contain ; for 
‘division of the pneumogastric produces a much more extensive 
/ paralysis of motion in all the parts that it supplies than division 
| of the accessory or its internal branch does: especially in regard 
to the larynx, and other respiratory organs, almost the only 
‘effects of destruction of the accessory are loss of voice, and pant- 
jing in great efforts (Bernard, exxil. 1844). 


Among the roots of the accessory nerve, the lower, arising 
‘from the spinal cord, appear to be composed exclusively of 
motor fibres, and to be destined entirely to the trapezius and 
) sterno-mastoid muscles; the upper fibres, arising from the me- 
| dulla oblongata, contain many sensitive as well as motor fibres, 
jand these alone are included in the internal branch which 
joins the pneumogastric (Bernard, Morganti). Of these, in- 
) deed, it is not rare to find some that are united with the 
| pheumogastric at its ganglion, or even within the cranial cavity ; 
| and of these upper roots, also, the communicating branch js 
| formed, which sometimes takes the place of the posterior root 
| of the first cervical nerve. 
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As a respiratory nerve, under the influence of the medulla 
oblongata, the accessory has been often observed to conduct 
impressions exciting movements necessary to respiration in the 
sterno-mastoid and trapezius muscles, after these muscles have 
ceased to move under the influence of the will. They may 
thus act whenever any of the parts of the brain above the me- 
dulla oblongata cease to be capable of conveying impressions ; 
for then the will cannot act on these or any other muscles, 
though they are still amenable to the reflex influence of the 
medulla oblongata, 


Physiology of the Hypoglossal Nerve. 


The hypoglossal, or ninth nerve, or motor linguce, has a 
peculiar relation to the muscles connected with the hyoid bone, 
including those of the tongue. It supplies through its descend- 
ing branch (descendens noni), the sterno-hyoid, sterno-thyroid, 
and omo-hyoid ; through a special branch the thyro-hyoid, and 
through its lingual branches the genio-hyoid, stylo-glossus, hyo- 


glossus, and genio-hyo-glossus. It contributes, also, to the sup- 
ply of the submaxillary gland. 

The function of the hypoglossal is, perhaps exclusively, motor. 
Irritation of it within the skull produces little if any pain; but 
since pain is sometimes produced, it may be supposed that the 
nerve has either some sensitive fibres from its origin, or some 
which are taking a retrograde course through it to the brain. 
As a motor nerve, its influence on all the muscles enumerated 
above is shewn by their convulsions when it is irritated, and by 
their loss of power when it its paralysed. The effects of the 
paralysis of one hypoglossal nerve are, however, not very striking 
in the tongue. Often, in cases of hemiplegia involving the 
functions of the hypoglossal nerve, it is not possible to observe 
any deviation in the direction of the protruded tongue ; probably 
because the tongue is so compact and firm that the muscles 0 
either side, their insertion being nearly parallel to the median 
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line, can push it straight forwards or turn it for some distance 
towards either side. 

The plexus formed between the branches of the descendens 
noni and those of the second and third cervical nerves serves 
not only to distribute filaments of the hypoglossal to the depres- 
sor muscles of the hyoid bone, but to admit into the descendens 

noni filaments of the cervical nerves which take a recurrent course 
through it, and of which some return to the medulla oblongata 
' through the trunk of the hypoglossal, and others go to the tongue 
through its lingual branches (Volkmann Lxxx. 1840). Hence, 
and.from other connections with the cervical nerves higher up, 
the hypoglossal nerve has ample borrowed sensibility. 


Physiology of the Spinal Nerves. 


Little need be added to what is already said of these nerves 
\(p. 380 to 382). Magendie and Bernard alone dissent from 
‘the opinion that the anterior roots of the spinal nerves are 
ormed exclusively of motor fibres. They hold that certain 
sensitive fibres, after traversing the posterior roots and ganglia, 
assume a recurrent course through the anterior roots, and thus 
ive them a slight degree of sensibility, which is lost when 
the posterior roots are divided, but which is clearly indicated by 
signs of pain when the anterior roots, or those portions of them 
that are connected with the ganglia, are irritated. Longet, who 
Yormerly claimed this discovery, now denies the experiments ; 
perhaps rightly; yet such a retrogression of sensitive fibres 
chrough motor roots has a parallel in the instance of the descen- 
Hens noni just referred to ; and its existence in the spinal nerves 
would not invalidate the propriety of the general statement, that 
the anterior roots of the nerves are exclusively motor roots, for 
those recurrent fibres have no relation to the spinal nerves 
eyond the ganglia. 

Beyond the ganglia all the spinal nerves appear to be mixed 
% 
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nerves, and to contain as well sympathetic filaments, as those of 
sensation and motion derived through their own roots. 

Of the functions of the ganglia of the spinal nerves nothing is 
known. That they are not the reflectors of any of the ascer- 
tained reflex actions through the spinal nerves, is shewn by the 
reflex movements ceasing when the posterior roots are divided 
between the ganglia and the spinal cord. 


PHYSIOLOGY OF THE SYMPATHETIC NERVE. 


The sympathetic nerve, or sympathetic system of nerves, ob- 
tained its name from the opinion that it is the means through 
which are effected the several sympathies in morbid action 
which distant organs manifest. It has also been called ¢7i- 
splanchnic nerve, because it is principally distributed among 
the organs of the three chief visceral systems, the thoracic, ab- 
dominal, and pelvic ; and the nervous system of organic life, in 
the supposition that it alone, as a nervous system, influences 
the organic processes. All the terms are defective: for, there 
is sufficient reason to believe that the cerebro-spinal nervous 
system may influence the organic functions : the cerebro-spinal 
system is not excluded from the viscera, nor the trisplanchnie 
nerve excluded from other parts: the cerebro-spinal system is 
the medium of numerous sympathies, and the blood of as many 
or more. But, since the title sympathetic nerve has the ad- 
vantage of long and most general custom in its favour, and is 
not more inaccurate than the others, it will be here em- 
ployed.* 

The general differences between the fibres of the cerebro- 


* The title “ ganglionic system of nerves,” would be in every respect pre- 
ferable, if it were sure that the ganglia on the spinal nerves give origin to 
no nerye-filaments but such as are attached to the rest of the ganglionic 
system, and that no nerve-filaments attached to this system are derived from 
the brain and spinal cord. 
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_ spinal and sympathetic nerves are already stated (p. 353); and it 
has been said that although such general differences exist, and 
— are sufficiently discernible in selected filaments of each system of 
nerves, yet they are neither so constant, nor of such a kind, as 
- to warrant the supposition, that the different modes of action of 
the two systems can be referred to the different structures of 
their fibres. Rather, itis probable, that the laws of conduction 
by the fibres are in both systems the same, and that the dif- 
ferences manifest in the modes of action of the systems are due 
to the multiplication and separation of the nervous centres of 
the sympathetic : ganglia, or nervous centres, being placed in 
connection with the fibres of the sympathetic in nearly all parts 
of their course. 


In the most general view, the sympathetic system may be 
described as arranged in two principal divisions, each of which 
consists of ganglia and connecting fibres. The first division 
may include the ganglia seated on, or close to, cerebral and 
spinal nerves, with the filaments issuing from them; the second 
may comprise the ganglia on the two main branches of the 
sympathetic, and on its branches in the visceral cavities. 

To the first belong the ophthalmic, spheno-palatine, otic, and 
submaxillary ganglia on the divisions of the fifth nerve; and 
probably the ganglia on the glosso-pharyngeal and pneumo- 
gastric nerves, and on the posterior roots of the spinal nerves ; 
for from all these, fibres appear to originate which, in structure, 
resemble those derived from the proper ganglia of the sympa- 
thetic, and are distributed to the same parts. To the second 
division belong the ganglia arranged in a continuous line along 
the sides of the vertebree, with their connecting cords, which 
make up what have been generally called the trunks of the 
sympathetic nerve ; and all the ganglia placed irregularly on the 
branches of the sympathetic distributed to the viscera. Of the 
former the number and proportion correspond generally to the 
vertebrae ; of the latter, to the development of the viscera. 


x 2 
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The structure of all these ganglia appears to be essentially 
similar; all containing, 1st, nerve-fibres traversing them; 2ndly, 
nerve-fibres originating in them ; 3rdly, nerve- or ganglion-cor- 
puscles, giving origin to these fibres; and 4thly, other cor- 
puscles that appear free. And in the trunk, and thence pro- 
ceeding branches of the sympathetic, there appear to be 
always, Ist, fibres which arise in its own ganglia; 2ndly, 
fibres derived from the ganglia of the cerebral and spinal nerves; 
Srdly, fibres transmitted from the brain and spinal cord through 
the roots of their nerves. 

Respecting the course of the filaments belonging to the sym- 
pathetic, the following appears to be nearly all that is known. 
Of the filaments derived from the ganglia on the cerebral nerves, 
some may pass towards the brain ; for, in the trunks of the 
nerves, between the ganglia and the brain, fine filaments like 
those of the sympathetic are found. But these may be pro- 
ceeding from the brain to the ganglia ; and on the whole, it is 
probable that nearly all the filaments originating in the ganglia 
on cerebral nerves, go out towards the tissues and organs to be 
supplied, some of them being centrifugal, some centripetal ; so 
that each ganglion with its outgoing filaments may form a 
kind of special nervous system appropriated to the part in which 
its filaments are placed. Such, for example, may be the oph- 
thalmic ganglion with the ciliary nerves: connected with the 
brain and the rest of the sympathetic system, by the branches 
of the third, fifth, and sympathetic nerves that form its roots ; 
yet, by filaments of its own controlling, in some mode and degree, 
the processes in the interior of the eye. 

Of the fibres that arise in the spinal ganglia some appear 
to pass into the posterior branches of the spinal nerves, and 
to be distributed with them; the rest pass through the 
branches by which the spinal nerves communicate with the 
trunks of the sympathetic, and then entering the sympathe- 
tic are distributed with its branches to the viscera. With 
these, also, a certain number of the large, ordinary cerebro- 
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spinal nerve-fibres, after traversing the ganglia, pass into the 
sympathetic. 

Of the fibres derived from the ganglia of the sympathetic 
itself, some go straightway towards the viscera, the rest pass 
through the branches of communication between the sympathe- 
tic and the anterior branches of the spinal nerves, and, joining 
these spinal nerves, proceed with them to their respective seats 
of distribution, especially to the more sensitive parts. 

Thus, through these communicating branches, which have been 
generally calied roots or origins of the sympathetic nerve, an in- 
terchange is effected between all the spinal nerves and the sym- 
pathetic trunks; all the ganglia, also, which are seated on the 
cerebral nerves, have roots (as they are called) through which 
filaments of the cerebral nerves are added to their own. So that, 
probably, all sympathetic nerves contain some intermingled cere- 
bral or spinal nerye-fibres ; and all cerebral and spinal nerves some 
filaments derived from the sympathetic system or from ganglia. 
But the proportions in which these filaments are mingled are 
not uniform. The nerves of voluntary muscles contain in their 
trunks a majority of large or cerebro-spinal nerve-fibres, but 
in their peripheral distribution either only, or a majority of, 
fine fibres, of which, however, the greater part are of course 
the cerebro-spinal fibres reduced in size. The nerves of the 
skin, and of most sensitive mucous membranes, contain, for the 
most part, equal numbers of both large and fine fibres, but the 
proportions often deviate in both directions ; and in all, in their 
peripheral distribution, the fine fibres greatly preponderate. In 
the nerves of involuntary muscles, and in those of the less sen- 
sitive mucous membranes, there is a great predominance of the 
fine filaments.* 


The physiology of the sympathetic nerve is so obscure, ex- 


* The account given above is derived almost entirely from Kolliker (cxiy. 
and xy. 1844-5): the other principal writings relating to the minute ana- 
tomy of the sympathetic nerve are those of Hannover (exix.) ; Bidder and 
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cept when illustrated by that of the cerebro-spinal system, that 
it will be advisable to consider its mode of action in the same 
manner as that in which the functions of the latter system were 
described. 

And first, it may be stated generally as nearly certain, that 
the sympathetic nerve-fibres are simple conductors of impres- 
sions, as those of the cerebro-spinal system are, and that the gan- 
glionic centres have (each in its appropriate sphere) the like 
powers both of conducting and of communicating impressions. 
Their power of conducting impressions is sufficiently proved in 
ordinary diseases, as when any of the viscera, usually unfelt, gives 
rise to sensations of pain, or when a part not commonly subject 
to mental influence is excited or retarded in its actions by the 
various conditions of the mind ; for in all these cases impres- 
sions must be conducted to and fro through the whole distance 
between the part and the spinal cord and brain. So, also, in 
experiments, now more than sufficiently numerous, irritations 
of the semilunar ganglia, the splanchnic nerves, the thoracic, he- 
patic, and other ganglia and nerves, have elicited expressions of 
pain, and have excited movements in the muscular organs sup- 
plied from the irritated part. * 

In the case of pain excited, or movements affected by the 
mind, it may be supposed that the conduction of impressions is 
effected through the cerebro-spinal fibres which are mingled in 
all, or nearly all, parts of the sympathetic nerves. There are 
no means of deciding this; but if it be admitted that the con- 
duction is effected through the cerebro-spinal nerve-fibres, then, 
whether or not they pass uninterruptedly between the brain 


Volkmann (cxxvi.) ; Wagner (exy.) ; Remak (clxxii.) ; Todd and Bowman 
(<xxix.)! 

* See especially Longet (cxxxvi.) ; Valentin (iv. vol. ii. p. 107, &e.); 
Radclyffe Hall (xciv. July, 1846). The last named observer says, that 
movements most constantly and actively ensue when the whiter parts of 
ganglia are irritated ; and that they often fail of being produced when the 
ganglia irritated are grey and pellucid. 
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or spinal cord and the part affected, it must be assumed that 
their mode of conduction is modified by the ganglia. For, if such 
cerebro-spinal fibres conducted in the ordinary manner, the parts 
should be always sensible and liable to the influence of the 
will, and impressions should be conveyed to and fro instanta- 
neously. But this is not the case; on the contrary, through 
the branches of the sympathetic nerve and its ganglia none but 
intense impressions, or impressions exaggerated by the morbid 
excitability of the nerves or ganglia, can be conveyed. 

Either, therefore, the nerve-fibres conduct differently in the 
sympathetic nerves (which is improbable), or else the ganglia have 
a power of modifying the method of conduction of impressions. It 
is as if the facility with which an impression may be communi- 
cated from one fibre to another in the ganglia were such, that the 
whole force of ordinary impressions on the nerve-fibres is lost in 
diffusion among the rest of their contents. This seems not impro- 
bable ; for some cases shew that when fibres certainly belonging 
to cerebro-spinal nerves pass through ganglia of, or connected 
with, the sympathetic, they do not so rapidly, or so surely, trans- 
mit impressions as when they have no such relation to the ganglia. 
Thus, the iris is not under the direct or perfect influence of the 
will; though the passage of filaments of the third nerve to it is 
shewn by its acting with the muscles supplied by the same 
nerve. Neither does it always contract when the third nerve 
is irritated, and when all the other muscles supplied by the 
same nerve are putin action. So, also, when all the other 
muscles supplied by the facial nerve contract on irritating its 
trunk, the levator palati and azygos uvule, to which its fila- 
ments probably pass through the spheno-palatine ganglion, do 
not contract. 

We may explain these facts by believing that the impres- 
sion, whether of the mind or of artificial irritation, which 
would be conveyed at once through nerve-fibres unconnected 
with ganglia, is, in the ganglia of the sympathetic, communi- 
cated and diffused among the corpuscles and the other fibres ; 
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and thus, as one may say, is exhausted without reaching the 
muscles, or, in the case of a centripetal nerve, the spinal cord 
or brain. 

Whether, then, the conduction be effected through proper 
sympathetic nerve-fibres, or through cerebro-spinal fibres min- 
gled with them and traversing their ganglia, there is this pecu- 
liarity to be ascribed either to the fibres or, more probably, to 
the ganglia—that the conduction is effected more slowly ; so 
that when, for example, a ganglion on a sympathetic nerve is 
irritated, the movements in the parts supplied from it do not 
immediately ensue, and pain is not indicated till after repeated 
irritations or till, by exposure or otherwise, the fibres and gan- 
glia have become morbidly irritable. But, with this exception, 
it is probable that the laws of conduction of impressions are the 
same in both cerebro-spinal and sympathetic systems. 


Respecting the general action of the ganglia of the sympathe- 
tic nerve little need be said here, since they were taken as ex- 
amples by which to illustrate the common modes of action of all 
nervous centres (see p. 371). Indeed, complex as the sympa- 
thetic system, taken as a whole, is, it presents in each of its 
parts a simplicity not to be found in the cerebro-spinal system ; 
for each ganglion with afferent and efferent nerves forms a sim- 
ple nervous system, and might serve for the illustration of all 
the nervous actions with which the mind is unconnected. But 
it will be more convenient to consider the ganglia now in con- 
nection with the functions that they may be supposed to control, 
in the several organs supplied by the sympathetic system alone, 
or in conjunction with the cerebro-spinal. 


The general processes which the sympathetic appears to in- 
fluence are those of involuntary motion, secretion, and nutrition. 
Many movements take place involuntarily in parts supplied 
with cerebro-spinal nerves, as the respiratory and other spinal 
reflex motions ; but the parts principally supplied with sympa- 
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thetic nerves are usually capable of none but involuntary move- 
ments, and when the mind acts on them at all, it is only 
through the strong excitement or depressing influence of some 
passion, or through some voluntary movement with which the 
actions of the involuntary part are commonly associated. The 
heart, stomach, and intestines are examples of these statements ; 
for the heart and stomach, though supplied in large measure 
from the pneumogastric nerves, yet probably derive through 
them few filaments except such as have arisen from their gan- 
glia, and are therefore of the nature of sympathetic fibres. 

The parts which are supplied with motor power by the sym- 
pathetic nerve continue to move, though more feebly than be- 
fore, when they are separated from their natural connections 
with the rest of the sympathetic system, and wholly removed 
from the body. Thus the heart, after it is taken from the body, 
continues to beat in Mammalia for one or two minutes, in rep- 
tiles and Amphibia for hours; and the peristaltic motions of 
the intestines continue under the same circumstances. Hence 
' the motion of the parts supplied with nerves from the sympa- 
thetic are shewn to be, in a measure, independent of the brain 

and spinal cord. Their movements, too, though accelerated, or 
at last retarded and enfeebled, remain, even after their removal 
from the body, like those which are natural to them, retaining 
their character of adaptation to a purpose, and often their har- 
‘mony and rythm. They are in all these respects different 
‘from the quiverings and twitchings of muscles supplied with 
scerebro-spinal nerves, when they are similarly separated from 
ithe body. The same difference continues when the muscles, 
having ceased to act spontaneously, are stimulated to fresh con- 
) tractions by mechanical or other irritation. Of a muscle sup- 
j plied with cerebro-spinal nerves, only that fasciculus acts to 
which the stimulus is applied ; it instantly twitches once or 
) twice in a disorderly ineffective manner, and then lies at rest 
again. But of one supplied from the sympathetic nerve, the 
/ contraction commences more slowly but continues longer ; it is 


p.m) 
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amore deliberate and more orderly contraction, more like the 
natural action of the muscle during life, and extending often far 
beyond the part to which the irritation was first applied. The 
difference is well shewn (as will be mentioned in the chapter 
on Morron) with the electro-galvanic stimulus, and affords a 
nearly constant and characteristic distinction between the mus- 
cles severally supplied by the two nervous systems, and distin- 
guished in their structure by their simple, or their transversely 
striated, fibres. 

The difference here indicated must, probably, be ascribed to 
the influence of the ganglia of the sympathetic, which combine 
for regular and harmonious action the several fasciculi that act 
in the manner just described. It cannot be ascribed to the 
nerve-fibres, for all the parts are supplied with a mixture of 
both cerebro-spinal and ganglionic fibres ; and it can hardly be 
supposed that a peculiar mode of action of the latter could quite 
counterbalance the tendency to the ordinary action of the former. 
Neither can the peculiarity be ascribed to the muscular fibres ; 
for the heart has fibres like those of voluntary muscle, yet they 
act, in this respect, like those of the other muscles supplied 
with sympathetic nerves and controlled by ganglia. 

Among the ganglia, to which this co-ordination of movements 
is to be ascribed, must be reckoned, not those alone which are on 
the principal trunks and branches of the sympathetic external to 
any organ, but those also which lie in the very substance of the 
organs ; such as those discovered in the heart by Remak, others 
like to which have been found also in the mesentery close by the 
intestines, in the kidneys, and other parts. The extension of dis- 
coveries of such ganglia will probably diminish yet further the 
number of instances in which the involuntary movements appear 
to be effected independently of central nervous influence. 

It seems to be a general rule, at least in animals that have 
both cerebro-spinal and sympathetic nerves much developed, that 
the involuntary movements excited by stimuli conveyed through 
ganglia are orderly and like natural movements, while those 
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sexcited through nerves without ganglia are convulsive and 
‘disorderly ; and the probability is that, in the natural state, 
‘it is through the same ganglia that natural stimuli, impressing 
‘centripetal nerves, are reflected through centrifugal nerves to 
‘the involuntary muscles. As the muscles of respiration are 
‘maintained in uniform rythmiec action by the reflecting and 
‘combining power of the medulla oblongata, so, probably, are 
‘those of the heart, stomach, and intestines by their several gan- 
iglia. And as with the ganglia of the sympathetic and their 
‘nerves, so with the medulla oblongata and its nerves distributed 
' to respiratory muscles,—if these nerves or the medulla oblongata 
itself be directly stimulated, the movements that follow are 
‘convulsive and disorderly; but if the medulla be stimulated 
| through a centripetal nerve, as when cold is applied te the skin, 
‘then the impressions are reflected so as to produce movements 
which, though they may be very quick and almost convulsive, 
are yet combined in the plan of the proper respiratory acts. 
Such, then, seems to be the peculiarity of the action of the 
i) sympathetic nerve, and especially of its ganglia, in determining 
‘the involuntary movements of the parts that it supplies. And, 
jas first stated, this peculiarity seems to be due not to an 
‘essentially different mode of action in either the fibres or the 
{ganglia of the sympathetic, but to the arrangement of those 
; ganglia, which are inserted in or very near to the parts whose 
/movements they control. 


Respecting the influence of the sympathetic nerve in nutri- 
‘tion and secretion, we may refer to the chapters on those pro- 
| cesses (pp. 288 to 292, and p. 314). The mode in which the 
| influence is exercised is unknown ; and equally unknown whe- 
ther it be exercised through sympathetic, or cerebro-spinal 
‘fibres, or both. The apparent distribution of both kinds of 
' fibres to all sensitive and secreting parts, and the impossibility 
of isolating them, make the difficulty of deciding this point ap- 
pear insuperable. The difficulty is much greater in the higher 
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than in the lower Vertebrata; for it would appear that in the 
same proportion as the centres of the cerebro-spinal system are 
developed, so is its connection with the processes of organic life 
more intimate. In frogs, for instance, all the organic functions 
may be carried on for several days after the removal of the 
brain and spinal cord, saving only the medulla oblongata for 
the maintenance of respiration ; but in Mammalia, and most 
of all, in man, even a slight injury of either brain or spinal cord 
may disturb all the organic functions. The regular movements 
of the stomach and intestines, the heart, and urinary bladder, 
independently of the spinal cord or brain, is manifested by nu- 
merous experiments in reptiles and Amphibia; but in Mam- 
malia the separation of these organs from the spinal cord or 
brain, is sufficient to render their actions feeble and wregular, 
or, after a time, to stop them altogether. 

Probably, therefore, the safest view of the question is to regard 
all the processes of organic life in man as liable to the combined 
influences of the cerebro-spinal and the sympathetic systems ; to 
consider that those influences may be so combined as that the 
sympathetic nerves and ganglia may be in man, as in the lower 
animals, the parts through which the ordinary and constant in- 
fluence of the nervous force is exercised on the organic processes ; 
while the cerebro-spinal nervous centres and their ganglia are 
the parts from which the proper sympathetic ganglia derive sup- 
plies of nervous force, and from which, more often or more regu- 
larly than in the lower animals, the processes of the organic 
and the animal life are made to work in connection and mutual 
adaptation. 

Finally, in regard to the exercise of nervous influence upon 
the organic processes, it appears proper to consider it as ex- 
ercised not only through the medium of the circulation, but 
also more directly ; and as affecting, for instance, the organic 
chemical affinities of the molecules engaged in them. It is true 
that the varying conditions of the nervous force affect the con- 
tractions of the muscular coats of the arteries, as they do those 
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of other involuntary muscles; but changes in the mode of nu- 
-trition and secretion in a part cannot be explained by mere 
variations in the diameter of its blood-vessels, or in the quan- 
tity of blood supplied to it. Daily observation shews multi- 
form results in secretion and nutrition in cases of disease, of 
which all have, for a common condition, the enlargement of the 
bloodvessels of the diseased part; something, therefore, besides 
the enlargement of the blood-vessels must, in these cases, de- 
- termine the different events ; and so, when the various exercise 
of nervous influence in a part affects the size of its vessels and 
the supply of blood, this change cannot be considered as the 
only source of the change in its mode of secretion or nutrition. 


CHAPTER XVI. 


CAUSES AND PHENOMENA OF MOTION. 


Tue vital motions of the solid parts of animals present two 
principal kinds, differing in the organs of their production, in 
their phenomena, and in their causes: they are first, the oscil- 
latory motion or vibration of microscopic cilia with which the 
surfaces of certain membranes are beset; and secondly, the 
motion from contraction of fibres, which either have a longitu. 
dinal direction and are fixed at both extremities, or form circular 
bands: the contraction or shortening of the fibres bringing the 
fixed parts nearer to each other. This latter kind of motion 
is generally effected by means of muscular fibres ; but in some 
few instances by fibres differing from the muscular in structure 
and chemical properties, and resembling in all respects, except 


in their capacity of motion, the fibres of ordinary fibro-cellular 
tissue. 
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CILIARY MOTION. 


As just said, this consists in the incessant vibration of fine, 
pellucid, blunt processes, about ;1,th of an inch long, termed 
cilia, situated on the free extre- 
mities of the cells of epithelium 
covering certain surfaces of the 
body. The form of epithelium 
on which cilia occur is most com- 
monly of the cylindrical kind 
(fig. 36 ; see also p. 305); but 
sometimes, as on the surface 
lining the cerebral ventricles, it 
is of the tesselated variety (p. 
305). 

In man, and probably in 
Mammalia generally, the ciliary 
epithelium lines the interior of the nasal cavity and of the 
frontal and other sinuses communicating with it, the lachry- 
mal canal and sac, and is spread over the mucous surface of 
both eyelids, but not over the conjunctiva covering the eye 
itself. From the posterior part of the nasal cavity, it passes to 
the upper part of the pharynx, which it lines to about opposite 
the lower border of the atlas: it is also spread over the 
upper surface of the soft palate, and laterally is continued 
to the orifice of the Eustachian tube, through which canal it 
extends into the cavity of the tympanum. Ciliary epithelium 
occurs also over the whole extent of the respiratory mucous 
tract, commencing at the larynx, and ceasing only near the ter- 


Fig. 36.* 


* Vig. 36. a. Cilia as seen vibrating on a portion of the mucous mem- 
brane of the trachea of a rabbit; 1, the cilia; 2, lines indicating the 
several epithelial cells on which the cilia are placed. After Valentin. 
B. Separate cylinders of epithelium with cilia attached, from the trachea of 
the cat. After Henle, 
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minations of the bronchi (p. 146). It is met with also in the 
female generative apparatus, commencing about the neck of the 
uterus, extending along the Fallopian tubes to their fimbriated 
extremities, and continued for a short distance along the 
peritoneal surface of the tubes. In Mammalia there is no in- 
stance of its occupying any part of the urinary mucous surface ; 
but in reptiles it lines the urinary tubules to a greater or less 
extent, and sometimes, though not generally, proceeds within 
the Malpighian capsules (Bowman, xtiii. 1842; Valentin, 
xxxiv. bd. viii. p. 92; Kolliker, xxx. 1845, p. 519). 

If a portion of ciliary mucous membrane from a living or re- 
cently dead animal be moistened, and examined with a micro- 
scope, the cilia are observed to be in constant motion, either 
whirling round their fixed extremities so that their ends 
describe circles, or waving continually backwards and _for- 
wards, and alternately rising and falling with a lashing or 
fanning movement. During the lashing movements each of 
the cilia performs a motion somewhat similar to that performed 
during the feathering of an oar in rowing (Quekett, xxi. May, 
1844): hence the general result of their movement is to produce 
a continuous current in a determinate direction; and this di- 
rection is invariably the same on the same surface, being usually 
towards its external orifice. In the production of such current 
probably consists the principal use of the cilia, which are thus 
enabled to propel the fluids or minute particles which come 
within the range of their influence, and to aid in their expul- 
sion from the body. In the Fallopian tube the direction of 
the current excited by the cilia is towards the cavity of the 
uterus, and may thus be of service in aiding the passage of 
the ovum. Of the purposes served by the cilia covering the 
surface of the cerebral ventricles nothing is known. 

The nature of the ciliary motion, and the cause on which it 
depends, are equally obscure. It seems to be alike independent 
of the will, of the direct influence of the nervous system, and of 
muscular contraction; for it is involuntary, there is no nervous 
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or muscular tissue in the immediate neighbourhood of the cilia, 
and it continues for several hours after death or removal from 
the body, provided the portion of examined tissue is kept moist. 
Its independence of the nervous system is shewn also in its oc- 
currence in the lowest invertebrated animals apparently unpro- 
vided with anything analogous to a nervous system, in its per- 
sistence in animals killed by prussie acid, narcotic or other 
poisons, and after the direct application of narcotics to the 
ciliary surface, or the discharge of a Leyden jar, or of a galvanic 
shock through it. In their rythmie action and its persistence 
after death or removal from the body, the ciliary movements 
bear a close analogy to those of the heart: and the analogy is 
made closer by both kinds of movements being diminished by 
cold and increased by heat.* 


MUSCULAR AND THE ALLIED MOTIONS. 


As already observed, the contractile tissues by which motion 
is effected are of two kinds, viz., contractile fibro-cellular tissue, 
and muscular tissue. 

The contractile fibro-cellular tissue differs in no respect, 
except in its power of contraction, from ordinary fibro-cellular 
tissue. It enters largely into the composition of the tunica 
dartos, and is the principal cause of the wrinkling and con- 
traction of the scrotum on exposure to cold: the fibres of the 
cremaster assist in some measure in producing this effect, but 
are chiefly concerned in drawing up the testis and its cover- 
ings towards the inguinal opening. It occurs largely also in 
the cutis, being especially abundant at the interspaces between 
the bases of the papillae. Hence, when it contracts under the 
influence of cold, fear, or any other stimulus, the papillee are 
made unusually prominent, and give rise to the peculiar 


* For the best accounts of Cilia see Dr. Sharpey (xxiii. art. Cilia), and 
Henle (xxxyii.). ’ 
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roughness of the skin termed cutis anserina or goose-skin. 
Fibres of this tissue, also, constitute part of the walls of 
ost gland-ducts and lymphatics, and, with a few organic 
muscular fibres occasionally mingled with them, are the chief 
gents concerned in the propulsion of the contents of these 
anals. ‘The fibro-cellular tissue which occurs in the coats of 
veins is also contractile, and by means of it the veins are 
enabled to exercise some compression on their contents (page 
129). The contraction of fibro-cellular tissue is entirely in- 
voluntary, though it admits of being influenced by emotional 
‘states of the mind, as shewn in the contraction of the skin and 
/scrotum in fear. 


Muscular Tissue. 


Muscular tissue is of two kinds, distinguished by structural 
‘peculiarities and mode of action. ‘The first kind includes the 
‘muscles of organic life, which (with the exception of the fibres 
/ of the heart, the lymphatic hearts of birds and reptiles, and the 
) stomach and intestines of some fish,) consist of simple, smooth 
filaments ; the second comprises the muscles of animal life, and 
‘the heart, and other exceptions just named, which consist of 
‘compound and apparently striated fibres, or tubes including 
‘fibrils. 

The muscles of organic life, or unstriped muscles as they are 
also called, consist of fibres which in their most perfect form are 
‘flat, from s45 to abo of an inch broad, very clear, granular, and 
brittle, so that when they break they often have abruptly- 
rounded or square extremities. Some of them are uniform ; 
“Many bear nuclei; many are marked along the middle, or, 
More rarely, along one of the edges, either by a fine, continuous 
dark streak, or by short, isolated, dark lines, or by dark points 
arranged in a row or scattered; and between these three kinds 
of marks there are such gradations as prove that they have all 

the same origin from nuclei. Fibres such as these are collected 
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in divers numbers in fasciculi, upon which the dark lines just 
mentioned sometimes form, by branches which they give off and 
receive, a sort of network, and sometimes run tortuously, like 
the nucleus-fibres of the fibro-cellular tissue (pl. ii. fig. 9). 

Fibres of organic muscle, such as are here described, form the 
proper contractile coats of the digestive canal from the middle 
of the cesophagus to the external sphincter ani, of the urinary 
bladder, the trachea and bronchi, the ducts of glands, the gall 
bladder, the vesiculee seminales, the pregnant uterus, and the 
arteries. 


The muscles of animal life, or striped muscles, include the 
whole class of voluntary muscles, the heart, the muscuiar 
tissue of the pharynx and upper part of the esophagus, the 
lymphatic hearts of birds and reptiles, and the stomach and in- 
testines of some fish. The voluntary muscles are composed of 
fleshy bundles inclosed in coverings of fibro-cellular tissue, by 
which each is at once connected with, and isolated from, those 
adjacent to it. Each bundle is again divided into smaller ones, 
similarly ensheathed and similarly divisible ; and so on, through 
an uncertain number of gradations, till, just beyond the reach of 
the unaided eye, one arrives at the primitive fasciculd, or the 
muscular fibres peculiarly so called. 

The primitive fasciculi consist of tubes of delicate structure- 
less membrane, the sarcolemma of Mr. Bowman, inclosing a 
number of filaments. They are cylindriform or prismatic, with 
five or more sides, according to the manner in which they are 
compressed by adjacent fasciculi, Their breadth varies in 
different animals, from j, to 54) of an inch; in man from jy te 
**, the average of the majority being about; Their most 
striking, though not constant, characteristics are their pale yel- 
low colour, and their being apparently marked by strie, which 
pass transversely round them, in slightly curved or wavy 
parallel lines, from ,,5 tO who of an inch apart. Other, but 
generally more obscure, striz also pass longitudinally over the 
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tubes, and indicate the size and direction of the filaments or 
primitive fibrillee of which the primitive fasciculus is composed 
(pl. i. figs. 7 and 8). 

The primitive fibrils are the proper contractile tissue of the 
muscle. Each of them is cylindriform, but somewhat flattened, 
and about tsio of an inch in its greatest thickness. They are 
marked by transverse impressions, which are at exactly the 
same distance apart as the striae on the surface of the fasciculus. 
Hence it is generally concluded that the striated appearance 
of the primitive fasciculi is produced by the filaments being so 
apposed that the transverse marks on all those near the surface 
lie at exactly the same levels. 

Each primitive fasciculus contains several hundreds of the 
primitive fibrils ; and when fully formed they fill all the cavity 
of the sarcolemma with the exception of very small interspaces, 
which seem occupied with a glutinous pellucid fluid. It is only 
in immature fasciculi that there is an appearance of a central 
cavity, which is filled either with fluid or with minute 
granules, 

At present there is much question of the true structure of the 
fibrils, and of the source of their seeming constrictions, or trans- 
verse impressions. Some deny the existence of such constric- 
tions, except when the muscle is contracted, or in some par- 
ticular condition after death; while others believe that the 
fibrils are rows of corpuscles, or discs, connected by a homo- 
geneous transparent substance. The transverse marks on the 
fibrils, and the ordinary striae on the fasciculus, correspond to 
the spaces between the discs. The most recent view on the 
subject is that published almost simultaneously by Dr. Sharpey 
(extix.) and Dr. Carpenter, (cx.) according to which the 
alternate dark and light particles, of which the fibril is com- 
posed, have each a quadrilateral, and generally a rectangu- 
lar, form. Every bright particle or space is marked across its 
centre by a fine, dark, transverse line or shadow, by which 
the space is divided into two equal parts; and sometimes, 
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a bright border may be perceived on either side of the fibril, 
so that each of the rectangu- 
lar dark bodies appears to be 
surrounded with a bright area, 
having a similar quadrangular 
outline, as if the pellucid sub- 
stance inclosed it on all sides 
(see fig. 37). These appear- 
ances would seem to shew that 
the elementary particles of which 
the fibril is made up, are little 
masses of pellucid substance, 
possibly nucleated cells, present- 
ing a rectangular outline, and 
appearing dark in the centre. 


c bi a 


Properties of Muscular Tissue. 


The property of muscular tissue, by which its peculiar 
functions are exercised, is its contractility, through which the 
contraction or shortening of muscles is excited by all kinds of 
stimuli, applied either directly to the muscles, or mdirectly to 
them through the medium of their motor nerves. This pro- 
perty, although commonly brought into action through the 
nervous system, appears to be inherent in the muscular tissue, 
and not derived by it from the nerves (see p. 35). For 1st, 
it may be manifested in a muscle which is isolated from the 


* Fig. 37. Muscular fibrils of the pig, magnified 720 diameters. a. An 
apparently single fibril, shewing the quadrangular outline of the component 
particles, their dark central part and bright margin, and their lines of junction 
crossing the light intervals. &. A longitudinal segment of a fibre consisting 
of a number of fibrils still connected together. The dark cross stripes and 
light intervals on 6 are obviously occasioned by the dark specks and inter- 
vening light spaces respectively corresponding in the different fibrils« 
ec. Other smaller collections of fibrils. From a preparation by Mr. Lealand: 
After Dr. Sharpey. 
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influence of the nervous system by division of the nerves sup- 
plying it, so long as the natural tissue of the muscle is duly 
maintained by nutrition; 2ndly, it is manifest in a portion of 
muscle, in which, under the microscope, no nerve-fibre can be 
traced ; and 3rdly, it is retained in all the muscles when it may 
be supposed that the function of their nerves is suspended by the 
inhalation of ether or of chloroform (Harless, Lxxx. 1847), 

If the removal of nervous influence is long continued, as by 
division of the nerve supplying a muscle, or in cases of paralysis 
of long standing, the irritability ¢. e. the power of both perceiv- 
ing and responding to a stimulus, may be lost; but this is 
chiefly because of the impaired nutrition of the muscular tis- 
sue, which ensues through its inaction (J. Reid). The irri- 
tability of muscles is also soon lost, unless a supply of arterial 
blood to them is kept up. Thus, after ligature of the main 
arterial trunk of a limb, the power of moving the muscles is 
partially or wholly lost, until the collateral circulation is esta- 
blished ; and when, in animals, the abdominal aorta is tied, 
the hind legs are rendered almost powerless (Segalas, xxxii. p. 
895). So, also, it is to the imperfect supply of arterial blood 
to the muscular tissue of the heart, that the cessation of the 
action of this organ in asphyxia is in some measure due (page 
172). 

Besides the property of contractility, the muscles, especially 
those of animal life and striated, possess sensibility by means 
of the sensitive nerve-fibres distributed to them. The 
amount of common sensibility in muscles is not great ; for 
they may be cut or pricked without giving rise to severe pain, 
at least in their healthy condition. But they have a peculiar 
sensibility, or at least a peculiar modification of common sensi- 
bility, which is shewn in that their nerves can communicate to 
the mind an accurate knowledge of their states and position 
When in action. By this sensibility we are not only made 
conscious of the morbid sensations of fatigue and cramp in 
muscles, but acquire, through muscular action, a knowledge of 
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the distance of bodies and their relation to each other, and are 
enabled to estimate and compare their weight and resistance 
by the effort of which we are conscious in measuring, moving, 
or raising them. Except with such knowledge of the position 
and state of each muscle, we could not tell how or when to 
move it for any required action ; nor without such a sensation of 
effort could we maintain the muscles in contraction for any 
prolonged exertion. 

The mode of contraction in the transversely-striated muscu- 
lar tissue has been much disputed. The most probable account, 
which has been especially illustrated by Mr. Bowman (xtiii. 
1840-1841), is that the contraction is effected by an approxi- 
mation of the constituent parts of the fibrils, which, at the in- 
stant of contraction, without any alteration in their general 
direction, become closer, flatter, and wider; a condition which 
is rendered evident by the approximation of the transverse strie 
seen on the surface of the fasciculus, and by its increased 
breadth and thickness. The appearance of the zigzag lines into 
which it was supposed the fibres are thrown in contraction, is 
due to the relaxation of a fibre which has been recently con- 
tracted and is not at once stretched again by some antagonist 
fibre, or whose extremities are kept close together by the con- 
tractions of other fibres. The contraction is therefore a simple, 
and, according to Ed. Weber, an uniform, simultaneous, and 
steady shortening of each fibre and its contents. What each 
fibril or fibre loses in length it gains in thickness: the contrac- 
tion is a change of form, not of size; it is therefore not 
attended with any diminution in bulk from condensation of 
the tissue, This has been proved for entire muscles, by 
making a mass of muscle, or many together, contract in a ves- 
sel full of water, with which a fine, perpendicular, graduated 
tube communicates. Any diminution of the bulk of the con- 
tracting muscle would be attended by a fall of fluid in the tube ; 
but when the experiment is carefully performed, the level of the 
water in the tube remains the same, whether the muscle be 
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contracted or not (Barzellotti ; Mayo, xxxii. p. 886; Valentin, 
iy.).* 

In thus shortening, muscles appear to swell up, becoming 
rounder, more prominent, harder, and apparently tougher. But 
this hardness of muscle in the state of contraction is not due to 
increased firmness or condensation of the muscular tissue, but 
to the increased tension to which the fibres, as well as their 
- tendons and other tissues, are subjected from the resistance ordi- 
narily opposed to their contraction. When no resistance is 
offered, as when a muscle is cut off from its tendon, not only is 
no hardness perceived during contraction, but the muscular tis- 
sue is even softer, more extensile, and less elastic than in its 
uncontracted state. (Ed. Weber, xv. art. Iuskelbewegung.) 

Heat is developed in the contraction of muscles. Becquerel 
and Breschet found with the thermo-multiplier about 1° of heat 
produced by each forcible contraction of a man’s biceps; and 
when the actions were long continued, the temperature of the 
muscle increased 2°, It is not known whether this develop- 
ment of heat is due to chemical changes ensuing in the muscle, 
or to the friction of its fibres vigorously acting: in either case 
we may refer to it a part of the heat developed in active exer- 
cise, especially by the lower animals. And Nasse suspects that 
to it is due the higher temperature of the blood in the left ven- 
tricle ; for he says it is always warmer in the left ventricle than 
in the left auricle, and that the blood in the latter is not 
warmer than that on the right side of the heart. But these 
experiments need confirmation. 

Sound is produced when muscles contract forcibly. Dr. Wol- 
laston shewed that this sound might be easily heard by placing 
the tip of the little finger in the ear, and then making some 
muscles contract, as those of the ball of the thumb, whose sound 
may be conducted to the ear through the substance of the hand 

* Edward Weber, however, states that a very slight diminution does take 


Place in the bulk of a contracting muscle ; but it is so slight as to be praeti- 
cally inconsiderable. 
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and finger. A low shaking or rumbling sound is heard, the 
height and loudness of the note being in direct proportion to the 
force and quickness of the muscular action, and the number of 
fibres that act together, or, as it were, in time. To this sound 
of muscular contraction may be assigned, as already stated (p. 
88), the first sound of the heart. 

In the smooth, or simple muscular fibres, scarcely any of the 
phenomena just described have been observed. The fibres are 
believed to contract with a simple shortening, but the exact 
mode, and the phenomena attending it, have not been ex- 
amined. 

The two kinds of fibres have characteristic differences in the 
mode in which they act on the application of the same stimulus ; 
differences which may perhaps be ascribed as much to their re- 
spective modes of connection with the nervous system as to their 
structures (see p. 465). When irritation is applied directly to 
a muscle with striated fibres, or to the motor nerve supplying 
it, contraction of the part irritated, and of that only, ensues ; 
and this contraction is instantaneous, and ceases on the in- 
stant of withdrawing the irritation. But when any part with 
smooth-fibred muscles, ¢.y. the intestines, or bladder, or a duct, 
is irritated, the subsequent contraction ensues more slowly, 
extends beyond the part irritated, and, with alternating re- 
laxations, continues for some time after the withdrawal of 
the irritation. Ed. Weber (xv. art. IJuskelbewegung) has 
particularly illustrated the difference in the modes of contraction 
of the two kinds of muscular fibres by the effects of the electro- 
magnetic stimulus. The rapidly succeeding shocks, given by 
this means to the nerves of muscles, excite in all the trans- 
versely-striated muscles a fixed state of tetanic contraction, 
which lasts as long as the stimulus is continued, and on its 
withdrawal instantly ceases: but in the muscles with smooth 
fibres they excite, if any movement, only one that ensues 
slowly, is comparatively slight, alternates with rest, and con- 
tinues for a time after the stimulus is withdrawn. 
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In their mode of responding to these stimuli, all the volun- 
tary muscles, or those with transverse stria, are alike; but 
among those with simple fibres there are many differences,—a 
fact which tends to confirm the opinion that their peculiarity 
depends as much or more on their connection with nerves and 
ganglia than on their own properties. According to Weber, 
the ureters and gall-bladder are the parts least excited by 
stimuli: they do not act at all till the stimulus has been long 
applied, and then contract feebly and in a small extent. The 
contraction of the cecum and stomach are quicker and wider 
spread : still quicker those of the iris, and of the urinary bladder if 
it be not too full. The actions of the small and large intestines, 
the vas deferens, and pregnant uterus, are yet more vivid, more 
regular, and more sustained; and they require no more stimu- 
lus than that of the air to excite them. The heart is quickest 
and most vigorous of all the muscles of organic life in contract- 
ing upon irritation, and appears in this, as in nearly all other 
respects, like the connecting member of the two classes of 
muscles. 

All the muscles retain their property of contracting under the 
influence of stimuli applied to them, or to their nerves, for some 
time after death, the period being longer in cold-blooded than 
in warm-blooded Vertebrata, and shorter in birds than in Mam- 
malia. It would seem as if the more active the respiratory 
process in the living animal, the shorter is the time of duration 
of the irritability in the muscles after death ; and this is con- 
firmed by the comparison of different species in the same order 
of Vertebrata. But the period during which this irritability 
lasts is not the same in all persons, nor in all the muscles of 
the same person. In man it ceases, according to Nysten, in 
the following order :—first, in the left ventricle, then in the in- 
testines and stomach, the urinary bladder, right ventricle, ceso- 
| phagus, iris; then in the voluntary muscles of the trunk, lower 
/ and upper extremities ; lastly in the left and right auricle of the 
| heart. 
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After the muscles of the dead body have lost their irritability 
or capability of being excited to contraction by the application 
of a stimulus, they spontaneously pass into a state of contrac- 
tion, apparently identical with that which ensues during life. 
It affects all the muscles of the body; and, where external 
circumstances do not prevent it, commonly fixes the limbs in 
that which is their natural posture of equilibrium or rest. 
Hence, and from the simultaneous contraction of all the mus- 
cles of the trunk, is produced a general stiffening of the body, 
constituting the vigor mortis or post-mortem rigidity. 

The muscles are not affected exactly simultaneously by the 
post-mortem contraction, but rather in succession. It affects 
the neck and lower jaw first ; next, the upper extremities, ex- 
tending from above downwards; and lastly reaches the lower 
limbs; in some rare instances only, it affects the lower extre- 
mities before, or simultaneously with, the upper extremities. It 
usually ceases in the order in which it began ; first at the head, 
then in the upper extremities, and lastly, in the lower extre- 
mities. According to Sommer, it never commences earlier than 
ten minutes, and never later than seven hours, after death ; and 
its duration is greater in proportion to the lateness of its acces- 
sion. 

Since the rigidity does not ensue until muscles have lost the 
capacity of being excited by external stimuli, it follows that all 
circumstances which cause a speedy exhaustion of muscular 
irritability, induce an early occurrence of the rigidity, while 
conditions by which the disappearance of the irritability is de- 
layed, are succeeded by a tardy onset of this rigidity. Hence 
its speedy occurrence and equally speedy departure in the bodies 
of persons exhausted by chronic diseases ; and its tardy onset 
and long continuance after sudden death from acute diseases. 
In some cases of sudden death from lightning, violent injuries, 
or paroxysms of passion, the rigor mortis does not occur at all ; 
but this is not always the case. Its occurrence is not prevented 
by the previous existence of paralysis in a part, provided the 
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paralysis has not been attended with very imperfect nutrition 
of the muscular tissue. 

The rigidity affects the involuntary as well as the voluntary 
muscles, whether they are constructed of striped or unstriped 
fibres. The rigidity of involuntary muscles with striped fibres 
is shewn in the contraction of the heart after death (page 
80), when it constitutes what has been called concentric hyper- 
trophy. The contraction of the muscles with unstriped fibres 
is shewn by an experiment of Valentin (iv. Bd. ii. p. 36), who 
found that if a graduated tube be connected with a portion of 
intestine taken from a recently slain animal, filled with water 
and tied at the opposite end, the water will in a few hours rise 
to a considerable height in the tube, owing to the contraction of 
the intestinal walls. It is yet better shewn in the arteries, of 
which all that have muscular coats contract after death, and 

_ thus present the roundness and cord-like feel of the arteries of a 
limb lately removed, or a body recently dead. Subsequently 
they relax, as do all the other muscles, and feel lax and flabby, 
and lie as if flattened and with their walls nearly in contact. 
Actions of Muscles—The simplest division of muscular ac- 
tions, and one which, for practical use, is most convenient, is 
into the voluntary and the involuntary actions. But it is com- 
paratively useless and uninstructive in the consideration of the 
general physiology of muscular movements; for, as we have 
seen, the structure of muscles does not exactly correspond with 
} their having habitually the voluntary or the involuntary mode 
of action ; neither can any muscles be said, unconditionally, to 
‘be either voluntary or involuntary, since many involuntary 
;movements are performed by muscles subject to the will, and 
:many muscles that are commonly independent of the will are 
ilable to be affected by it or other acts of the mind. More than 
tall, whether a muscle is involuntary or not depends not on 
itself, but on the nervous system ; for, if the brain be removed 
lor inactive, all the muscles become involuntary ones. 
Neglecting, therefore, this distinction, it will be more instruc- 
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tive to follow Miiller in an enumeration of the modes in which 
movements may be excited, either in single muscles, or in 
groups of muscles combined for united or opposite actions, 

1. The first class of movements may be named aztomatic, the 
parts seeming to “ have in themselves the power of motion,” * 
and not only the power, but the mode and plan. 

These may include ail those muscular actions which are not 
dependent on the will or any other act of the mind ; which are 
either persistent, or periodical with a regular rythm; and are 
dependent on normal natural causes seated in the nerves or the 
central organs of the nervous system. The cause of the rythmic 
movements may be, as has been shewn, either in the sympa- 
thetic or the cerebro-spinal nervous centres, but never in nerve- 
fibres. Of the automatic movements dependent chiefly on the 
sympathetic, the principal are those of the heart, the intestinal 
canal, uterus, and urinary bladder. The automatic movements 
of the heart are nearly like those of the animal muscles, quick, 
and succeeding each other quickly ; those of the other organs 
are more gradual and more enduring, and their intervals of rest 
are much longer. Whether this difference be owing to the 
different structure of the muscle, or to the nature of the nervous 
influence, has been already considered but not decided. 

It is a characteristic of the automatic movements of all the 
viscera of organic life that a certain order of succession is 
observed in the contractions ; one part of the viscus contracts 
before another, and the motion thus traverses the organ in a de- 
terminate direction during each period of the rythm. In the 
heart, the motion commences in the vena cavee, and proceeds 
through the auricles and ventricles, and then, after an interval, 
is resumed in the venee cave (p. 78). In the intestine, the 
movement travels in a vermicular manner from above down- 
wards ; and a second moyement, beginning at the upper part of 
the intestine before the first has completed its course, affects the 


* What Miller names “ movements excited by heterogeneous stimuli,” are 
‘ere omitted because of the doubt whether any such occur naturally. 
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parts in the same order. The action of stimuli on these organs 
endowed with automatic motion does not generally alter the 
order of the contractions, unless it be excessive and anormal ; 
but it influences the rapidity and force of the contractions ; 
thus stimuli, whether external or internal, acting on the heart, 
cause it to beat quicker and more forcibly, and motions of the 
intestinal canal are rendered both more energetic and quicker by 
external irritation, as when the intestine is exposed to the air ; 
or by internal irritation of its mucous membrane, as in diarrhea. 
Such irritation, also, may proceed from the nervous centres ; so 
disorder of the spinal cord may produce spasmodic automatic 
movements of the intestinal canal and uterus : and irritation of 
the cceliac ganglion may accelerate the movement of the intes- 
tines, but generally in all these cases the natural mode, 7. e. the 
plan and order of the movements is maintained. 

As already stated, the constant and primary cause of the 
rythmic contractions of these and of all the organic muscles 
is probably connected with the mode of action of the sympa- 
thetic nerve and its ganglia. Their continuance when the 
organs are removed from the body proves that they do not 
depend on the brain or spinal cord; and their purposive and 
orderly character indicates that they are directed through 
/ nervous centres, such as are found only in the sympathetic 
system. The supposed mode of action of the sympathetic 
ganglia in determining such movements is stated at pp. 98, 
b251, &c. 

But there are also automatic movements which are dependent 
on the central organs of the cerebro-spinal nervous system. 
Such are the involuntary movements of respiration, the nervous 
seentre governing which is in the medulla oblongata. These 
‘have been sufficiently considered (pp. 170, 401). Such also 
sare the motions of the muscles of the eye and of the iris during 
sleep, in which the eye is generally turned somewhat inwards 
‘and upwards, and the iris is contracted, although light is ex- 
)eluded ; and such, probably, the normal and habitual wink- 
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ing of the eyelids for the purpose apparently of maintaining the 
moisture of the conjunctiva. 

All these movements have some kind of time or rythm. 
Other automatic movements controlled by the cerebro-spinal 
centres are persistent: such are those of the sphincters. For, 
although we have voluntary power over these muscles to 
strengthen their contraction, yet their action continues inde- 
pendently of volition, during sleep as well as in the waking 
state, and it cannot be voluntarily interrupted, except by exert- 
ing a counter pressure against it by their antagonist muscles. 
The principal sphincter among the animal muscles is the 
sphincter ani, the force and impulse to the contraction of which 
are derived from the spinal cord (p. 387), from which a constant 
motor impulse seems to be directed to it. 

2. The second class of muscular movements may be named 
antagonistic movements. There are groups of muscles opposed 
to each other in their action in almost all parts of the body. 
The extremities have flexors and extensors, supinators and pro- 
nators, abductors and adductors, and rotators inwards and rota- 
tors outwards. When the muscles of one lateral half of the 
face are paralysed, those of the opposite half draw the features 
towards their side. The tongue, when one half of it is para- 
lysed, may be drawn to the opposite side. Hence it would 
appear that the muscular fibres, especially those of animal life, 
are constantly in a state of slight contraction; and that the 
state of inaction of the different parts of our body does not in- 
dicate an absolutely relaxed condition of the muscles, but 
rather that the different groups of muscles antagonise and 
balance each other; and that when the position of a part is 
changed from the medium state of apparent rest, one or more 
of the muscles, already in a state of antagonistic action, are 
merely thrown into more powerful contraction. 

When muscles haye few or no antagonists they always tend 
to give to the parts on which they act a determinate position. 
Thus there are numerous muscles which rotate the thigh out- 
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wards, while the rotation inwards can be effected but feebly by 
the tensor vagine femoris. Hence arises the involuntary ten- 
dency to the turning outwards of the whole limb in walking, 
sitting, or lying. The sphincters are also muscles which have 
no proper antagonists. The constant occlusion of the orifices of 
the viscera by the sphincters can be accounted for, therefore, 
by the fact of the contraction of muscles not wholly ceasing 
in the state of apparent rest, and of their having no anta- 
gonising muscles ; without its being necessary to suppose that 
a constant current of nervous influence is transmitted specially 
to them. 

3. Reflex Movements.—The character of the reflected move- 
ments has been already explained (pp. 374, &c.). They in- 
clude all muscular actions which arise from impressions on 
centripetal nerves exciting motor nerves to action through the 
intervention of the nervous centres; and arrange themselves 
into two principal groups, of which the first may include the 
reflex movements determined by the brain and spinal cord. 

4. Of the associate or consensual movements the peculiarity 
consists in the voluntary impulse to one motion giving rise 
to the production of other motions contrary to, or independently 
of, the will; thus, whenever the eye is voluntarily directed in- 
wards, the iris contracts. The less perfect the action of the 
nervous system, the more frequently do associate movements 
occur. It is only by education that we acquire the power 
of confining the influence of volition, in the production of volun- 
tary motions, to a certain number of nervous fibres issuing from 
the brain. An awkward person in performing one voluntary 
movement makes many others, which are produced involunta- 
rily by consensual nervous action. In the piano-forte player 
we have an example, on the other hand, of the faculty of insu- 
lation of the nervous influence in its highest perfection. The 
motions most prone to be associated involuntarily are those of 
the corresponding parts of the two sides of the body: as the 
motions of the irides, of the muscles of the ear, of the eyelids, 
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and of the extremities in the attempt to effect opposed motions. 
Some of the most remarkable facts illustrating the association 
and antagonism of muscular actions are presented by the 
muscles which move the eyes (p. 432). 

The organic muscles also are, in some measure, subject to the 
laws of association. The increased frequency and force of the 
heart’s action during muscular exertions of the body is probably 
in some measure owing to this cause. The action of the volun- 
tary muscles has an influence on that of the intestinal canal, 
and on that of the urinary bladder; every one is aware how 
beneficial muscular exercise is in preserving the regularity of the 
muscular action of the intestines, and the regularity of excretion. 

5. Of the movements dependent on certain states of the mind 
there are three classes : those dependent on mere ideas passing 
through the mind; those arising from the passions, emotions, or 
affections ; and voluntary movements. 

Certain groups of muscles of the animal system are in a con- 
stant state of proneness to involuntary motion, owing to the 
susceptibility of their nerves, or rather of the parts of the brain 
from which they arise, to be excited by ideas. Thus all the 
respiratory muscles, including those supplied by the facial 
nerve, may be excited to action merely by particular states of 
the mind. Any sudden change in the state of the mind, a 
sudden change of thoughts, such as occurs when the idea of the 
ridiculous arises in the mind, without any passion being ex- 
cited, is capable of giving rise to a corresponding action of the 
nerves, evidenced in the muscles of the face and the respira- 
tory muscles. Yawning, inasmuch as it can be excited by 
the mere idea, or by seeing or hearing another yawn, belongs 
to the same class of movements. The disposition to the move- 
ments of the features and the respiratory muscles that con- 
stitute laughing and yawning, exists previously ; and is mani- 
fested when the idea gives to the nervous force the determinate 
direction. Ideas of fearful or detestable objects suddenly ex- 
cited, even when called up by mere fictions, occasion, in persons 
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of excitable temperament, the motion of shuddering ; and the 
same occurs sometimes from the mere thought of a disgusting 
medicine: vomiting, indeed, may be produced by the mere re- 
collection of a disagreeable taste. 

It is again principally the respiratory portion of the nervous 
system which is involuntarily excited to the production of mus- 
cular actions by the passions and emotions of the mind. The 
change in the state of the brain seems to be propagated to the 
medulla oblongata, which causes a change of action in the re- 
spiratory muscles, through the medium of their nerves, including 
the facial nerve which is pre-eminently the nerve of expression. 

The exciting passions give rise to spasms, and frequently 
even to convulsive motions affecting the muscles supplied by 
the respiratory and facial nerves. Not only are the features 
distorted, but the actions of the respiratory muscles are so 
changed as to produce the movements of erying, sighing, and 
sobbing. During the sway of depressing passions, such as fear, 
or terror, all the muscles of the body become relaxed,—the 
motor influence of the brain and spinal cord being depressed. 
The feet will not support the body, the features hang as with- 
out life, the eye is fixed, the look is completely vacant, and 
void of expression, the voice feeble or extinct. Frequently the 
state of the feelings under the influence of passion is of a mixed 
character ; the mind is unable to free itself from the depressing 
idea; yet the effort to conquer this gives rise to an exciting 
action in the brain. In these mixed passions, the expression of 
relaxation in certain muscles,—in the face, for example,—may 
be combined with the active state of others; so that the fea- 
tures are distorted, whether in consequence merely of the anta- 
- gonising action of the opposite muscles being paralysed, or by a 

really convulsive contraction. Disorderly as the mode in which 
these emotional influences are exercised may seem to be, yet to 
each emotion certain combined movements are appropriated, 
and become expressive of it. The nerves of certain groups of 
- Muscles seem to be naturally combined to act together when the 
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appropriate emotion is felt, as the respiratory nerves are for the 
common respiratory movements. Like these movements, also, 
the emotional movements may be controlled by the will, though 
essentially independent of it, and though, when the stimulus 
exciting them is very strong, they may occur in opposition to 
the effort of the will. With these actions of the muscles of 
animal life, those of organic life are often associated; the dis- 
turbed action of the heart during mental emotions is an in- 
stance of such association. 

Of the voluntary movements we have already spoken in con- 
nection with the physiology of the motor nerves and the brain. 
In all the former instances, we are scarcely, or not at all, con- 
scious of the movements that take place, or are only conscious 
of them by other senses than the muscular sense, as by seeing 
the movement. And this may be connected with the proba- 
bility that the central organs determining these movements are 
not the organs in which the mind can either clearly discern 
sensations, or deliberately exercise the will (see p. 419). In 
the voluntary motions we have both consciousness and inten- 
tion ; though not in all cases an equal degree of either, for in 
movements habitually performed we are hardly either conscious 
or intent. 

We have no knowledge how the will acts in the brain, through 
which alone its full influence can be directed to the nerves 
(see p. 420); but the influence of the will on the motor fibres, 
is not a solitary fact of its kind. Through the brain we have 
the power of voluntarily directing the mind to all the cerebral 
and spinal nerves, even to the nerves of common sensation, and 
the nerves of special sense; we exercise this power whenever 
we attend to sensations. If two persons are addressing different 
words to our opposite ears, we can by attention follow what is 
said by the one, while we leave what the other says unnoticed. 
The same circumstance is observed in the case of simultaneous 
impressions on different senses. According to the direction we 
give our attention, we cease to see distinctly while we exert 
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the power of hearing to a greater degree, and vice versd ; for 
only one object at a time can be taken cognizance of by the 
faculty of attention (see p. 364). Thus, we have the power of 
directing the attention according to our will; the will has here 
the same influence as in the production of voluntary motions. 
The only difference is, that in the latter case the motor nerve- 
fibres, previously in a state of repose, are excited to action ; 
while in attending to the impressions on the sensitive nerves, 
the action of the will consists in rendering the sensation more 
intense or distinct. Neither is the power of the will limited to 
the motor and sensitive nerves; it also influences the mental 
operations ; we have the power of voluntarily directing our 
thoughts. In short, we see that the voluntary effort of the 
mind can be directed upon motor or sensitive nerves, or made 
to affect the mental operations ; an act of volition is nothing 
else than the voluntary and conscious direction of the nervous 
forces in the brain upon different cerebral apparatus; and on 
the part of the brain subjected to this voluntary action of the 
nervous principle it depends, whether the effect shall be a mus- 
cular movement, a more distinct perception, or an idea con- 
nected with some sensible object. 

As a general rule, a voluntary movement is more difficult 
the smaller the number of nervous fibres required to be excited, 
and the smaller the part to be moved. The nervous force more 
readily excites many than few nervous fibres to action ; hence 
the tendency to the associate movements described at page 487. 
It is doubtful whether distinct portions of a long muscle can be 
voluntarily excited to independent and separate action. The 
action of the nervous force is therefore less capable of localiza- 
tion when excited by volition than when determined by 
accidental involuntary stimuli. From external causes very 
small parts of a muscle, for example, of the biceps of the arm, 
are seen to contract separately; but this never occurs from 
voluntary influence. The power of confining the voluntary ex- 
citement of the nervous principle to distinct groups of fibres is 
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increased by much exercise, and the more frequently certain 
groups of fibres are excited to action by the influence of the 
will, the more capable do they become of isolated action; this 
is exemplified in performers on the piano-forte, &c. 

Motions very frequently performed occur at last whenever 
the nervous influence in the brain receives, in the slightest 
degree, the direction necessary to produce them ; as if the con- 
ducting power of the nervous fibres, and the combining power 
of the nervous centres, increased with the frequency of their 
excitement. Hence the facility of the habitual movements ; 
hence the mimic movements of the hands in speaking; and 
thus obscure ideas, without any distinct consciousness, often 
give rise to determinate and appropriate motions, provided 
these motions have been previously many times excited in the 
same manner ; the effort of the will in producing these move- 
ments being as obscurely felt as the sensation or idea that led 
to them. 


CHAPTER XVII. 


OF VOICE AND SPEECH. 


In nearly all air-breathing vertebrate animals there are 
arrangements for the production of sound, or voice, in some part 
of the respiratory apparatus. In many animals, the sound ad- 
mits of being variously modified and altered during and after 
its production ; and, in man, one of the results of such modifi- 
cation is speech. 


Mode of Production of the Human Voice. 


It has been proved, by observations on living subjects, as well 
as by experiments on the larynx taken from the dead body, that 
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the sound of the human voice is the result of the inferior 
laryngeal ligaments, or vocal cords, which bound the glottis, 
being thrown into vibrations by currents of expired air impelled 
over their edges. Thus, if a free opening exists in the trachea, 
the sound of the voice ceases, but returns on the opening being 
closed. An opening into the air-passages above the glottis, on 
the contrary, does not prevent the voice being formed. M. 
Magendie, also, has shewn that the voice is not lost, though the 
epiglottis, the superior ligaments of the larynx, and the upper 
part of the arytenoid cartilages be injured. The same may be 
observed in cases of disease; and in injuries, when the vocal 
cords are exposed, they may be seen vibrating during the 
emission of sound. Injury of the laryngeal nerves supplying 
the muscles which move the vocal cords puts an end to the 
formation of vocal sounds ; and when these nerves are divided 
on both sides, the loss of voice is complete. Moreover, by 
forcing a current of air through the larynx in the dead subject, 
clear vocal sounds are produced though the epiglottis, the upper 
ligaments of the larynx, the ventricles between them and the 
inferior or vocal ligaments, and the upper part of the arytenoid 
cartilages, be all removed; provided the vocal cords remain 
entire, with their points of attachment, and are kept tense and 
80 approximated that the fissure of the glottis may be narrow. 
The vocal ligaments, therefore, may be regarded as the proper 
organs of the mere voice: the modifications of the voice are 
effected by other parts as well as by them. Their structure is 
adapted to enable them to vibrate like tense membranes, for 
they contain a large quantity of elastic tissue; and they are so 
attached to the cartilaginous parts of the larynx that they can 
be made tense either by the depression of the thyroid car- 
tilage (figs. 38 and 39, ®), towards the cricoid cartilage (figs. 
$8 and 39, 9), by means of the crico-thyroid muscles (fig. 38, 
'°); or by the retraction of the arytenoid cartilages (fig. 39, *), 
which are moved backwards by the posterior crico-arytenoid 
muscles (fig. 39, 4), at the same time that they are approxi- 
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mated by the posterior arytenoid (°). The length of the fissure 
of the glottis (1) depends on the degree to which the cords are 
thus stretched; and their degree of tension probably depends 


not only on the degree in which their stretching is resisted by 
their proper tissue, but also, in some measure, on the action of 
the thyro-arytenoid muscles (7), which are closely connected to 
them along their whole length. 

The aperture of the glottis is narrowed by the approxima- 
tion of the arytenoid cartilages, which is effected by the aryte- 


* Fig. 38. Lateral view of exterior of larynx, after Mr. Willis (xziii, 1832). 
—8. Thyroid cartilage. 9. Cricoid cartilage. 10. Crico-thyroid muscle. 
1]. Crico-thyroid ligament. 12. First rings of trachea, 

+ Fig. 39. View of interior larynx from above.—1l. Aperture of glottis. 
2. Arytenoid cartilages. 3. Vocal cords. 4. Posterior crico-arytenoid mus- 
cles. 5. Lateral crico-arytenoid muscle of right side, that of left side re- 
moved. 6, Arytenoid muscle. 7. Thyro-arytenoid muscle of left side, that 
of right side removed. 8. Thyroid cartilage. 9. Cricoid cartilage. 138. Pos- 
terior crico-arytenoid ligament. With the exception of the arytenoid muscle, 
this diagram is a copy from Mr. Willis’s figure. 
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noid muscles: it is dilated by the lateral crico-arytenoid (5), 
which draw the arytenoid cartilages asunder. 
The experiments of the Rey. Mr. Willis (exili. 1832) on in- 
struments made in imitation of the larynx, have shewn that, 
besides being made tense, the Fig. 40. 
vocal cords, in order to produce 
a proper vocal sound, must have 
their inner edges parallel. In 
the ordinary position of the glot- 
tis, during respiration without 
vocalization, he supposes that 
the lips of the glottis are in- 
clined from each other (as at a, 
fig. 40, which is an imaginary 
transverse perpendicular section 
of the vocal tube), and that to 
produce voice they must assume 
the parallel state (as at B, fig. 
40); and he attributes to the 
' thyro-arytenoid muscles the office of placing the ligaments in 
this position. 

In vocalizing, the ligaments vibrate in their entire breadth, 
- and with them the thyro-arytenoid muscles, and (to an extent 
corresponding to the force with which they vibrate,) the adja- 
cent elastic tissues of the larynx and other parts, and the air in 
and beyond the respiratory passages. For the deepest notes, 
the vocal ligaments are much relaxed by the approximation of 
‘the thyroid to the arytenoid cartilages. The lips or margins of 
‘the glottis are, in this state of the larynx, not only devoid of ten- 
‘slon—they are, when at rest, even wrinkled—but they become 
‘stretched by the current of air, and thus acquire the degree of 
‘tension necessary for vibration. From the deepest note thus 
jproduced, the vocal sounds may be raised about an octave by 
allowing the vocal cords to have the slight degree of tension 
which the elastic crico-thyroid ligament can give them, by draw- 
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ing the thyroid cartilage towards the cricoid. The medium 
state, in which the cords are neither relaxed and wrinkled nor 
stretched, is the condition for the middle notes of the natural 
voice, and those which are most easily produced in singing. 
(The ordinary tones of the voice in speaking are intermediate 
between these and the deep bass notes.) The higher notes of 
the natural voice are produced by the lateral compression of the 
vocal cords, and the narrowing of the space between them by 
means of the thyro-arytenoid muscles; and further, by in- 
creasing the force of the current of air.* 

In the quiescent state, the aperture of the glottis is widely 
open and somewhat triangular, the base of the triangle corre- 
sponding to the space between the separated arytenoid carti- 
lages. In inspiration the glottis is slightly dilated, in expira- 
tion contracted ; and at the moment of the emission of sound it 
is more narrowed, the margins of the arytenoid cartilages being 
brought into contact, and the edges of the vocal cords approxi- 
mated and made parallel. The degree of approximation usually 
corresponds to the height of the note produced; but probably 
not always, for the width of the aperture has no essential influ- 
ence on the height of the note, as long as the vocal cords have 
the same tension ; only, with a wide aperture, the tone is more 
difficult to produce, and is less perfect, the rushing of the air 
through the aperture being heard at the same time. 

No true vocal sound is produced at the posterior part of the 
aperture of the glottis, that viz. which is formed by the space 
between the arytenoid cartilages. For, as Miiller’s experi- 
ments shewed, if the arytenoid cartilages be approximated in 
such a manner that their anterior processes touch each other, 
but yet leave an opening behind them as well as in front, no 
second vocal tone is produced by the passage of the air through 
the posterior opening, but merely a rustling or bubbling sound ; 


“ For the laws regulating the vibration of membranous tongues, and other 
sounding bodies, and for further details of the mode of production of the 
voice, and of the circumstances by which it is modulated, consult Miiller. 
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and the height or pitch of the note produced is the same whe- 
ther the posterior part of the glottis be open or not, provided 
the vocal cords maintain the same degree of tension. 

Vocal sounds can be produced not only when the lips of the 
glottis are separated by a narrow interval, but even when to the 
eye they appear to be in contact, especially if the vocal cords 
-are much relaxed ; in which case the vibrations of the lips of 
the glottis are very strong. The notes emitted in such a con- 
dition of the glottis are stronger and fuller; but, provided the 
length of the cords be the same, and the tension in both cases 
equally slight, the height of the note is not influenced by the 
cords being in contact, or by their being separated by a narrow 
interval. 

The epiglottis, by being pressed down so as to cover the su- 
perior cavity of the larynx, serves to render the notes deeper in 
‘tone, and at the same time somewhat duller, just as covering 
‘the end of a short tube placed in front of caoutchouc tongues 
‘lowers the tone. In uttering very deep notes during life, we 
sevidently employ the epiglottis in this way ; at least, such 
seems to be the object of the retraction and depression of the 
!tongue while we press down the head in front, in endeavouring 
ito produce very deep notes. In no other respect does the epi- 
iglottis appear to have any effect in modifying the vocal sounds.* 


Applications of the Voice in Singing and Speaking. 


The notes of the voice thus produced may observe three diffe- 
trent kinds of sequence. The first is the monotonous, in which 
ithe notes have all nearly the same pitch, as in ordinary speak- 
jing; the variety of the sounds of speech being owing to articu- 


* The influence which the two portions of the vocal tube, viz. that 
} furnished by the trachea and that by the air-passages in front of the larynx, 
fexercise in modulating the voice is not yet satisfactorily determined. For 
fobservations on the subject consult Muller (/.¢e.); Mr. Bishop (cixxxi, 1836); 
tand Mr. Willis (cxxiii, 1832). 
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lation in the mouth. In speaking, however, occasional syllables 
generally receive a higher intonation for the sake of accent. In 
poetry there is rythm in addition to the accent, but the modu- 
lation of music is wanting. The second mode of sequence is 
the successive transition from high to low notes, and vice versa, 
without intervals; such as is heard in the sounds, which, as 
expressions of passion, accompanying crying in men, and the 
howling and whining of dogs. The third mode of sequence of 
the vocal sounds is the musical, in which each sound has a de- 
terminate number of vibrations, and the number of vibrations 
in the successive sounds have the same relative proportions as 
characterise the notes of the musical scale. 

The compass of the voice in different individuals comprehends 
one, two, or three octaves ; in singers,—that is, in persons apt 
for singing,—it extends to two or three octaves. But the male 
and female voices commence and end at different points of the 
musical scale. The lowest note of the female voice is about an 
octave higher than the lowest of the male voice; the highest 
note of the female voice about an octave higher than the highest 
of the male. The compass of the male and female voices taken 
together, or the entire scale of the human voice, includes about 
four octaves. The principal difference between the male and 
the female voice is, therefore, in their pitch ; but they are also 
distinguished by their tone,—the male voice is not so soft. 

The voice presents other varieties besides the male and fe- 
male; there are two kinds of male voice, technically called the 
bass and tenor, and two kinds of female voice, the contr’alto 
and soprano, all differing from each other in tone. The bass 
voice usually reaches lower than the tenor, and its strength lies 
in the low notes; while the tenor voice extends higher than 
the bass. The contr’alto voice has generally lower notes than the 
soprano, and is strongest in the lower notes of the female voice ; 
while the soprano voice reaches higher in the scale. But the 
difference of compass, and of power in different parts of the scale, 
are not the essential distinctions between the different voices; for 
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bass singers can sometimes go very high, and the contr’alto fre- 
quently sings the high notes like soprano singers. The essen- 
tial difference between the bass and tenor voices, and between 
‘the contr’alto and soprano, consists in their tone or “ timbre,” 
which distinguishes them even when they are singing the same 
note. The qualities of the barytone and mezzo-soprano voices 
, are less marked; the barytone being intermediate between the 
bass and tenor, the mezzo-soprano between the contr’alto and 
soprano. They have also a middle position as to pitch in the 
scale of the male and female voices. 
The different pitch of the male and the female voice depends 
on the different length of the vocal cords in the two sexes; their 
» relative length in men and women being as three to two. The 
difference of the two voices in tone or “timbre” is owing to 
the different nature and form of the resounding walls, which in 
the male larynx are much more extensive, and form a more 
acute angle anteriorly. The different qualities of the tenor and 
bass, and of the alto and soprano voices, probably depend on 
/ some peculiarities of the ligaments and the membranous and 
) cartilaginous parietes of the laryngeal cavity, which are not at 
| present understood, but of which we may form some idea, by 
‘recollecting that musical instruments made of different mate- 
trials, ¢. g. metallic and gut strings, may be tuned to the same 
‘note, but that each will give it with a peculiar tone or timbre. 
The larynx of boys resembles the female larynx ; their vocal 
‘cords before puberty have not two-thirds the length which they 
} acquire at that period ; and the angle of their thyroid cartilage 
‘is as little prominent as in the female larynx. Boys’ voices are 
jalto and soprano, resembling in pitch those of women, but dif- 
| fering somewhat from them in tone, and louder. But, after the 
| larynx has undergone the change produced during the period of 
| development at puberty, the boys’ voice becomes bass or tenor. 
| While the change of form is taking place, the voice is said to 
crack ; it becomes imperfect, frequently hoarse and crowing, and 
‘is unfitted for singing until the new tones are brought under 
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command by practice. In eunuchs, who have been deprived of 
the testes before puberty, the voice does not undergo this change. 
The voice of most old people is deficient in tone, unsteady, 
and more restricted in extent: the first defect is owing to the 
ossification of the cartilages of the larynx and the altered con- 
dition of the vocal cords ; the want of steadiness arises from the 
loss of nervous power and command over the muscles ; the re- 
sult of which is here, as in other parts, a tremulous motion. 
These two causes combined render the voice of old people void 
of tone, unsteady, bleating, and weak. 

In any class of persons arranged, as in an orchestra, accord- 
ing to the characters of voices, each would possess, with the 
general characteristics of a bass, or tenor, or any other kind of 
voice, some peculiar character by which his voice would be re- 
cognised from all the rest. The conditions that determine these 
distinctions are, however, quite unknown. They are probably 
inherent in the tissues of the larynx, and as indiscernible as 
the minute differences that characterise men’s features ; in like 
ness to which one often observes hereditary and family peculi- 
arities of voice as well marked as those of the limbs or face. 

Most persons, particularly men, have the power, if at all ca- 
pable of singing, of modulating their voices through a double 
series of notes of different character: namely, the notes of the 
natural voice, or chest-notes, and the falsetto notes. The natural 
voice, which alone has heen hitherto considered, is fuller, and 
excites a distinct sensation of much stronger vibration and reso- 
nance than the falsetto voice, which has more a flute-like cha- 
racter. The deeper notes of the male voice can be produced 
only with the natural voice, the highest with the falsetto only; 
the notes of middle pitch can be produced either with the natu- 
ral or falsetto voice ; the two registers of the voice are therefore 
not limited in such manner that one ends when the other begins, 
but they run in part side by side. 

The natural, or chest-notes, are produced by the ordinary 
vibrations of the vocal cords. The mode of production of the 
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falsetto notes is still obscure. By Miiller they are thought to be 
due to vibrations of only the inner borders of the vocal cords. In 
the opinion of Petrequin and Diday (xix.), they do not re- 
sult from vibrations of the vocal cords at all, but from vibration 
of the air passing through the aperture of the glottis, which 
they believe assumes at such times the contour of the embou- 
_chure of a flute. Others (considering some degree of similarity 
which exists between the falsetto notes and the peculiar tones, 
_ called harmonic, which are produced when, by touching or stop- 
ping a harp-string at a particular point, only a portion of its 
_ length is allowed to vibrate) have supposed that, in the falsetto 
notes, portions of the vocal ligaments are thus isolated and made 
to vibrate while the rest are held still. The question cannot yet 
be settled: but any one in the habit of singing may assure 
himself, both by the difficulty of passing smoothly from one set 
of notes to the other, and by the necessity of exercising him- 
self in both registers lest he should become very deficient in 
one, that there must be some great difference in the modes in 
which their respective notes are produced. 
The strength of the voice depends partly on the degree of 
eapahility of vibration of the vocal cords; and partly on the 
fitness for resonance of the membranes and cartilages of the 
larynx, of the parietes of the thorax, lungs, and cavities of the 
‘mouth, nostrils, and communicating sinuses. It is diminished 
by anything which interferes with such capability of vibration. 
The intensity or loudness of a given note cannot be rendered 
greater by merely increasing the force of the current of air 
through the glottis; for increase of the force of the current of 
) air, ceteris paribus, raises the pitch both of the natural and 
| the falsetto notes. Yet, since a singer possesses the power of 


increasing the loudness of a note from the faintest “piano” 
| to “fortissimo ” without its pitch being altered, there must be 
/ some means of compensating the tendency of the vocal cords to 
) emit a higher note when the force of the current of air is in- 
) creased. This means evidently consists in modifying the ten- 
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sion of the vocal cords. When a note is rendered louder and 
more intense, the vocal cords must be relaxed by remission of 
the muscular action, in proportion as the force of the current of 
the breath through the glottis is increased. When a note 
is rendered fainter, the reverse of this must occur. 

The length of the larynx and trachea below the vocal liga- 
ments has, according to Miiller, no perceptible influence in the 
tone or pitch of the voice ;—he thinks that the elongation of the 
vocal tube in front of the glottis by the descent of the larynx, 
only facilitates the formation of the deep notes, and the 
shortening of the tube by the ascent of the larynx that of the 
high notes. Mr. Bishop states, however, that the trachea is 
not really lengthened by the ascent of the larynx; he finds 
that it is raised out of the thorax nearly to the same extent as 
the larynx is elevated ; he therefore concludes, that an abso- 
lute shortening of the entire vocal tube, including the trachea 
and the cavities above the glottis, is produced by the elevation 
of the larynx towards the base of the skull. But the variation 
in the length of the tube being insufficient to render it capable 
of adjusting itself to the whole range of vocal tones, both he 
and Mr. Wheatstone (cLxxxii. p. 373) suppose that the 
defect is supplied by the varying tension of the walls of the 
trachea, and by the diminished diameter of the trachea 
during the ascent of the larynx. A still further influence 
on the voice is attributed to the trachea by Mr. Wheat- 
stone. He has observed, that a column of air may not only 
vibrate, by reciprocation with another body whose vibrations 
are isochronous with its own, but also when the number of its 
own vibrations are any multiple of those of the sounding body. 
Such would be the vibrations of the column of air in the 
trachea divided into harmonic lengths, with relation to the vi- 
brations of the vocal cords. The falsetto notes, he suggests, 
may be the result of the vibrations of the harmonic subdivisions 
of the column of air in the trachea. 

The arches of the palate and the uvula become contracted 
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\during the formation of the higher notes: but their contraction 
is the same for a note of given height, whether it be falsetto or 
‘not ; and in either case the arches of the palate may be touched 
‘with the finger, without the note being altered. Their action, 
‘therefore, in the production of the higher notes, seems to be 
‘merely the result of involuntary associate nervous action, 
excited by the voluntarily increased exertion of the muscles of 
ithe larynx. If the palatine arches contribute at all to the pro- 
duction of the higher notes of the natural voice and the falsetto, 
‘it can only be by their increased tension strengthening the 
/ resonance. 
The office of the ventricles of the larynsx is evidently to afford 
‘afree space for the vibrations of the lips of the glottis: they 
»may be compared with the cavity at the commencement of the 
mouth-piece of trumpets, which allows the free vibration of the 
' lips.* 
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Besides the musical tones formed in the larynx, a great num- 
) ber of other sounds can be produced in the vocal tube, between 
‘the glottis and the external apertures of the air-passages, the 
‘combination of which sounds into different groups to designate 
‘objects, properties, actions, &c., constitutes language. The 
‘languages do not employ all the sounds which can be produced 
)in this manner, the combination of some with others being often 
idifficult. Those sounds which are easy of combination enter, 
\for the most part, into the formation of the greater number of lan- 
}guages. Each language contains a certain number of such sounds, 


* Many of the conclusions respecting the physiology of the human voice 
) which are stated in the foregoing pages are derived from, or illustrated by, ex- 
} periments with apparatus made in imitation of the larynx: for the complete 
Account of these, and for suggestions how they may be yet further applied 
}to the study of this part of physiology, consult the elaborate chapters by 
} Miller ; and the papers of Willis (cxiii. 1832); Wheatstone (cLxxxii.); 
| Bishop (cixxxi. 1836); and the earlier writers to whom Miller refers, 
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but in no one are all brought together. On the contrary, dif 
ferent languages are characterised by the prevalence in them of 
certain classes of these sounds, while others are less frequent or 
altogether absent. 

The sounds produced in speech, or articulate sounds, are com- 
monly divided into vowels and consonants ; the distinction be- 
tween which are that the sounds for the former are generated in 
the larynx, while those for the latter are produced by interrup-_ 
tion of the current of air in some part of the air-passages above 
the larynx. The term consonant has been given to these because 
several of them are not properly sounded, except consonantly 
with avowel. Thus, if it be attempted to pronounce aloud the 
consonants , 4, and g, or their modifications », ¢, %, the intona- 
tion only follows them, in their combination with a vowel. 

To recognise the essential properties of the articulate sounds, 
we must, according to Miiller, first examine them as they are_ 
produced in whispering, and then investigate which of them 
can also be uttered in a modified character conjoined with vocal 
tone. By this procedure we find two series of sounds: in one 
the sounds are mute, and cannot be uttered with a vocal tone; 
the sounds of the other series can be formed independently of 
voice, but are also capable of being uttered in conjunction 
with it. 

All the vowels can be expressed in a whisper without vocal 
tone, that is, mutely. These mute vowel-sounds differ, how- 
ever, in some measure, as to their mode of production, from the 
consonants. All the mute consonants are formed in the vocal 
tube above the glottis, or in the cavity of the mouth or nose, by 
the mere rushing of the air between surfaces differently modified 
in disposition. But the sound of the vowels, even when mute, 
has its source in the glottis, though the vocal cords are not 
thrown into the vibrations necessary for the production of voice; 
and the sound seems to be produced by the passage of the cur- 
rent of air between the relaxed vocal cords. ‘The same vowel- 
sound can be produced in the larynx when the mouth is closed, 
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‘the nostrils being open, and the utterance of all vocal tone 
avoided. This sound, when the mouth is open, is so modified, 
‘by varied forms of the oral cavity, as to assume the characters 
,of the vowels @, e, 7, 0, u, in all their modifications. 

The cayity of the mouth assumes the same form for the arti- 
‘culation of each of the mute vowels as for the corresponding 
‘vowel when vocalized ; the only difference in the two cases 
‘lies in the kind of sound emitted by the larynx. Kratzenstein 
sand Kempelen have pointed out that the conditions necessary 
ifor changing one and the same sound into the different vowels 

are differences in the size of two parts—the oral canal and the 
/oral opening ; and the same is the case with regard to the mute 
‘vowels. By oral canal, Kempelen means here the space be- 
tween the tongue and palate: for the pronunciation of certain 
vowels both the opening of the mouth and the space just men- 
itioned are wide; for the pronunciation of other vowels both are 
‘contracted; and for others one is wide, the other contracted. 
Admitting five degrees of size, both of the opening of the 
imouth and of the space between the tongue and palate, Kem- 
pelen thus states the dimensions of these parts for the following 
‘vowel sounds :— 


Vowel. Sound. Size of oral opening. Size of oral canal. 
@ asin ‘far’ 5 ; < s 3 
a Ps * name’ 4 2 
e Pe * theme’ 3 il 
0 » * go” 2 4 
GOin ina * cool’ 1 5 


Another important distinction in articulate sounds is that the 
utterance of some is only of momentary duration, taking place 
during a sudden change in the conformation of the mouth, and 
being incapable of prolongation by a continued expiration. To 
this class belong }, p, d, and the hard gy. In the utterance of 
other consonants the sounds may be continuous ; they may be 
erolonged, ad libitwm, as long as a particular disposition of the 
mouth and a constant expiration are maintained. Among 
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these consonants are h, m,n, f, s, 7, 1. Corresponding differ- 
ences in respect to the time that may be occupied in their 
utterance exist in the vowel-sounds, and principally constitute 
the differences of long and short syllables. Thus, the @ as in 
“far” and “ fate,” the o as in “go” and “ fort,” may be inde- 
finitely prolonged; but the same vowels (or more properly 
different vowels expressed by the same letters), as in “can” and 
“fact,” in “ dog” and “ rotten,” cannot be prolonged.* 

All sounds of the first or explosive kind are insusceptible 
of combination with vocal tone (“intonation”), and are abso- 
lutely mute; nearly all the consonants of the second or con- 
tinuous kind may be attended with “intonation.” 

The peculiarity of speaking, to which the term ventriloquism 
is applied, appears to consist merely in the varied modification 
of the sounds produced in the larynx, in imitation of the mo- 
difications which voice ordinarily suffers from distance, &c. 
From the observations of Miiller and Colombat (xxxviii. 1840) 
it seems that the essential mechanical parts of the process of 
ventriloquism consist in taking a full inspiration, then keeping 
the muscles of the chest and neck fixed, and speaking with the 
mouth almost closed, and the lips and lower jaw as motionless 
as possible, while air is very slowly expired through a very 
narrow glottis ; care being taken also, that none of the expired 
air passes through the nose. But, as observed by Miiller, much 
of the ventriloquist’s skill in imitating the voices coming from 
particular directions consists in deceiving other senses than 
hearing. We never distinguish very readily the direction in 
which sounds reach our ear; and, when our attention is direct- 
ed to a particular point, our imagination is very apt to refer to 
that point whatever sounds we may hear. 

* The minuter physiology of speech may be best studied in Muller 
(xxxii.); or in the remarkable work by Ammann (from which even Muller 
has been instructed), entitled ** Dissertatio de Loquela,” 1700. 
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CHAPTER XVIII. 


THE SENSES. 


SENSATION consists in the mind receiving through the me- 
dium of the nervous system, and, usually, as the result of the 
action of an external cause, a knowledge of certain qualities or 
conditions, not of external bodies, but of the nerves of sense 
themselves ; and these qualities of the nerves of sense are in 
all different, the nerve of each sense having its own peculiar 
quality. 

There are two principal kinds of sensation, named common 
and special. The first is the consequence of the ordinary sen- 
sibility or feeling possessed by most parts of the body, and is 
manifested when a part is touched, or in any ordinary manner 
is stimulated. According to the stimulus, the mind perceives 
a sensation of heat, or cold, of pain, of the contact of hard, 
soft, smooth, or rough objects, &e. From this, also, in morbid 
states, the mind perceives itching, tingling, burning, aching, 
and the like sensations. In its greatest perfection common 
sensibility constitutes towch or tact. Touch is indeed usually 
classed with the special senses, and will be considered in 

the same group with them ; yet it differs from them in being 
a property common to many nerves, ¢. g. all the sensitive 
spinal nerves, the pneumogastric, glosso-pharyngeal, and fifth 
cerebral nerves, and in its impressions keing communicable 
through many organs. 

Including the sense of touch, the special senses are five in 
“number ; the senses of smell, sight, hearing, taste, and touch. 
The manifestation of each of the first three depends on the ex- 
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istence of a special nerve; the optic for the sense of sight, the 
auditory for that of hearing, and the olfactory for that of 
smell. The sense of taste appears to be a property common to 
branches of the fifth and of the glosso-pharyngeal nerves. 

The senses, by virtue of the peculiar properties of their seve- 
ral nerves, make us acquainted with the states of our own body; 
and thus, indirectly, inform us of such qualities and changes of 
external matter as can give rise to changes in the condition of 
the nerves. That which through the medium of our senses is 
actually perceived by the mind is, indeed, merely a property or 
change of condition of our nerves ; but the mind is accustomed 
to interpret these modifications in the state of the nerves pro- 
duced by external influences as properties of the external bodies 
themselves. This mode of regarding sensations is so habitual 
in the case of the senses which are more rarely affected by in- 
ternal causes, that it is only on reflection that we perceive it to 
be erroneous. In the case of the sense of feeling or touch, on 
the contrary, where the peculiar sensations of the nerves per- 
ceived by the sensorium are excited as frequently by internal 
as by external causes, we more readily apprehend the truth. 
For it is easily conceived that the feeling of pain or pleasure, 
for example, is due to a condition of the nerves, and is not a 
property of the things which excite it. What is true of these 
is true of all other sensations ; the mind perceives conditions of 
the optic, olfactory, and other nerves specifically different from 
that of their state of rest ; these conditions may be excited by 
the contact of external objects, but they may also be the conse- 
quence of internal changes: in the former case the mind, having 
knowledge of the object through either instinct or instruction, 
recognises it by the appropriate changes which it produces in 
the state of the nerves. 

1. The special susceptibility of the different nerves of sense 
for certain influences,—as of the optic nerve for light, of the 
auditory nerve for vibrations, and so on,—is not due entirely to 
these nerves having each a specific irritability for such influences 
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exclusively. For although in the ordinary events of life the 
optic nerve is excited only by the undulations or emanations of 
which light may consist, the auditory only by vibrations of the 
air, and the olfactory only by odorous particles, yet each of these 
nerves may have its peculiar properties called forth by other 
conditions. In fact, in whatever way and to whatever degree 
a nerve of special sense is stimulated, the sensation produced is 
essentially of the same kind ; irritation of the optic nerve inva- 
riably producing a sensation of light, of the auditory nerve a 
sensation of some modification of sound. The phenomenon must 
therefore be ascribed to a peculiar quality belonging to each 
nerve of special sense. It has been supposed, indeed, that irri- 
tation of a nerve of special sense when excessive may produce 
pain; but experiments seem to have proved that none of these 
nerves possess the faculty of common sensibility. Thus, Ma- 
gendie observed that when the olfactory nerves laid bare in a 
dog were pricked, no signs of pain were manifested ; and others 
of his experiments seemed to shew that both the retina and 
optic nerve are insusceptible of pain (Lxii. t. iv. p. 180). (See 
further, p. 365.) 

2. External impressions on a nerve can give rise to no kind 
of sensation which cannot also be produced by internal causes 
exciting changes in the condition of the same nerve. In the 
case of the sense of touch, this is at once evident. The sensa- 
tions of the nerves of touch (or common sensibility), excited by 
causes acting from without, are those of cold and heat, pain and 
pleasure, and innumerable modifications of these, which have 
the same kind of sensation as their element. All these sensa- 
tions are constantly being produced by internal causes in all 
parts of our body endowed with sensitive nerves. The sensa- 
tions of the nerves of touch are therefore states or qualities 
proper to themselves, and merely rendered manifest by exciting 
causes, whether external or internal. The sensation of smell, 
also, may be perceived independently of the application of any 
odorous substance from without, through the influence of some 
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internal condition of the nerve of smell. The sensations of the 
sense of vision, namely, colour, light, and darkness, are also 
often perceived independently of all external exciting cause. 
So, also, whenever the auditory nerve is in a state of excite- 
ment, the sensations peculiar to it, as the sounds of ringing, 
humming, &c., are perceived. 

3. The same cause, whether internal or external, excites in 
the different senses different sensations ; in each sense the sen- 
sations peculiar to it. For instance, one uniform internal cause, 
which may act on all the nerves of the senses in the same man- 
ner, is the accumulation of blood in their capillary vessels, as in 
congestion and inflammation. This one cause excites in the 
retina, while the eyes are closed, the sensation of light and 
luminous flashes; in the auditory nerve, the sensation of 
humming and ringing sounds ; in the olfactory nerve, the sense 
of odours; and in the nerves of feeling, the sensation of pain. 
In the same way, also, a narcotic substance introduced into 
the blood, excites in the nerves of each sense peculiar symp- 
toms; in the optic nerves, the appearance of luminous sparks 
before the eyes; in the auditory nerves, ‘tinnitus aurium ;” 
and in the common sensitive nerves, the sensation of creep- 
ing over the surface. So also, among external causes, the sti- 
mulus of electricity, or the mechanical influence of a blow, con- 
cussion, or pressure, excites in the eye the sensation of light 
and colours ; in the ear, a sense of a loud sound or of ringing ; 
in the tongue, a saline or acid taste; and at the other parts of 
the body, a perception of peculiar jarring or of the mechanical 
impression, or a shock like it. 

4. Although in the cases just referred to, and in all ordinary | 
conditions, sensations are derived from peculiar conditions of the 
nerves of sense, whether excited by external or by internal 
causes, yet the mind may have the same sensations inde- 
pendently of changes in the conditions of at least the peripheral 
portions of the several nerves, and even independently of any 
connection with the external organs of the senses. The causes 
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of such sensations are seated in the parts of the brain in which 
the several nerves of sense terminate. Thus pressure on the 
brain has been observed to cause the sensation of light ; lumi- 
nous spectra may be excited by internal causes after complete 
amaurosis of the retina: and Humboldt states that, in a man 
who had lost one eye, he produced by means of galvanism, lu- 
minous appearances on the blind side. Many of the various 
morbid sensations attending diseases of the brain, the vision of 
spectra, and the like, are of the same kind. 

6. Again, although the immediate objects of the perception 
of our senses are merely particular states induced in the nerves, 
and felt as sensations, yet, inasmuch as the nerves of the senses 
are material bodies, and therefore participate in the properties 
of matter generally, occupying space, being susceptible of vibra- 
tory motion, and capable of being variously changed cheinically 
as well as by the action of heat and electricity, they make 
known to the mind, by virtue of the different changes thus pro- 
duced in them by external causes, not merely their own con- 
dition, but also some of the different properties and changes of 
condition of external bodies ; as, e.g. “ extension,” progressive 
and tremulous motion, chemical change, &c. The informa- 
tion concerning external nature thus obtained by the senses, 
varies in each sense, having a relation to the peculiar qualities 
or energies of the nerve. 

All the senses are not equally adapted to impart the idea of 
extension. The nerve of vision and the nerves of touch, being 
capable of an exact perception of this property in themselves, 
make us acquainted with it in external bodies: and it is by 
these senses that we best, by seeing and feeling bodies, learn 
their extension and their relation to other objects and to our- 
selves. In the nerves of taste, the sensation of extension is 
less distinct, but not altogether deficient ; for we are capable of 
distinguishing whether the seat of a bitter or sweet taste be the 
tongue, the palate, or the fauces. The sense of hearing is 
almost totally incapable of perceiving the quality of extension ; 
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for the organ of hearing has no perception of its own extension, 
or of the part at which the sound is heard. The mind can per- 
ceive at least the organ on which odours are impressed, and 
is conscious of the whole cavity of the nostrils being occupied 
by a penetrating odour ; but we cannot make the odorous sub- 
stance act on less than the entire nasal cavity. 

The sensation of motion is, like motion itself, of two kinds,— 
progressive and vibratory. The faculty of the perception of 
progressive motion is possessed by the senses of vision, touch, 
and taste. Thus an impression is perceived travelling from 
one part of the retina to another, and the movement of the 
image is interpreted by the mind as motion of the object. The 
same is the case in the sense of touch; so also the movement 
of a sensation of taste over the surface of the organ of taste can 
be recognised. The motion of tremors, or vibrations, is per- 
ceived by several senses, but especially by those of hearing and 
touch. For the sense of hearing, vibrations constitute the ordi- 
nary stimulus, and so give rise to the perception of sound. By 
the sense of touch vibrations are perceived as tremors, occasion- 
ally attended with the general impression of tickling; for in- 
stance, when a vibrating body, such as a tuning-fork, is approx- 
imated to a very sensible part of the surface, the eye can com- 
municate to the mind the image of a vibrating body, and can 
distinguish the vibrations when they are very slow; but the 
vibrations are not communicated to the optic as to the auditory 
nerve in such a manner that it repeats them, or receives their 
impulses. 

We are made acquainted with chemical actions principally 
by taste, smell, and touch, and by each of these senses in the 
mode proper to it. Volatile bodies disturbing the conditions of 
the nerves by a chemical action, exert the greatest influence 
upon the organ of smell; and many matters act on that sense 
which produce no impression upon the organs of taste and 
touch,—for example, many odorous substances, as the vapours 
of metals, of lead for instance, and of many minerals. Some 
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volatile substances, however, are perceived not only by the 
‘sense of smell, but also by the senses of touch and taste, pro- 
vided they are of a nature adapted to disturb chemically the 
condition of those organs, and, in the case of the organ of taste, 
‘ean be dissolved by the fluids covering it. Thus, the vapours 
of horse-radish and mustard, and acrid suffocating gases act 
upon the conjunctiva and the mucous membrane of the lungs, 
exciting through the common sensitive nerves merely modifica- 
tions of common feeling ; and at the same time they excite the 
sensations of smell and of taste. 
7. Sensations are referred from their proper seat towards the 
exterior; but this is owing, not to anything in the nature of 
‘the nerves themselves, but to the accompanying idea derived 
from experience. For in the perception of sensations there is 
-a combined action both of the mind and of the nerves of sense ; 
and the mind, by education or experience, has learned to refer 
the impressions it receives to objects external to the body. 
Even when it derives impressions from internal causes, it com- 
monly refers them to external objects. The light perceived in 
congestion of the retina seems external to the body: the ringing 
of the ears in diseases is felt as if the sound came from some 
distance : the mind referring it to the outer world from which 
it is in the habit of receiving the like impression (see p. 366). 
8. Moreover, the mind not only perceives the sensations and 
interprets them according to ideas previously obtained, but it 
has a direct influence upon them, imparting to them intensity 
by its faculty of attention. Without simultaneous attention, 
all sensations are only obscurely, if at all, perceived. If the 
mind be torpid in indolence, or if the attention be with- 
drawn from the nerves of sense in intellectual contemplation, 
deep speculations, or an intense passion, the sensations of the 
nerves make no impression upon the mind ; they are not per- 
ceived,—that is to say, they are not communicated to the con- 
scious ‘ self,” or with so little intensity, that the mind is un- 
able to retain the impression, or only recollects it some time 
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after, when it is freed from the preponderating influence of the 
idea which had occupied it. 

This power of attention to the sensations derived from a 
single organ, may also be exercised in a single portion of a 
sentient organ, and thus enable one to discern the detail of 
what would otherwise be a single sensation. For example, by 
well-directed attention one can distinguish each of the many 
tones simultaneously emitted by an orchestra, and can even 
follow the weaker tones of one instrument apart from the other 
sounds, of which the impressions being not attended to are less 
vividly perceived. So, also, if one endeavours to direct attention 
to the whole field of vision at the same time, nothing is seen 
distinctly ; but when the attention is directed first to this, then 
to that part, and analyses the detail of the sensation, the part 
to which the mind is directed is perceived with more distinct- 
ness than the rest of the same sensation. 


THE SENSE OF SMELL. 


The sense of smell ordinarily requires, for its excitement to a 
state of activity, the action of external matters which produce 
certain changes in the olfactory nerve; and this nerve is sus- 
ceptible of an infinite variety of states dependent on the nature 
of the external stimulus. 

The first condition essential to the sense of smell is the ex- 
istence of a special nerve, the changes in whose condition are 
perceived as sensations of odour; for no other nerve is capable 
of these sensations, even though acted on by the same causes. 
The same substance which excites the sensation of smell in the 
olfactory nerves, may cause another peculiar sensation through 
the nerves of taste, and may produce an acrid and burning 
sensation on the nerves of touch ; but the sensation of odour is 
yet separate and distinct from these, though it may be simul- 
taneously perceived. The second condition of smell is a pecu- 
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liar condition of the olfactory nerve, or a peculiar change pro- 
duced in it by the stimulus or odorous substance. 

The material causes of odours are, in the case of animals 
living in the air, substances suspended in a state of extremely 
fine division in the atmosphere; or gaseous exhalations, often 
of so subtile a nature that they can be detected by no other re- 
agent than the sense of smell itself. In fishes the odorous 
matters are contained in the water; but in what form,—whe- 
ther dissolved in the same manner as the gases absorbed by 
water—is uncertain. The matters of odours must, in all cases, 
be dissolved in the mucus of the mucous membrane before they 
can be immediately applied to, or affect, the olfactory nerves ; 
therefore, a further condition necessary for the perception of 
odours is, that the mucous membrane of the nasal cavity be 
moist. When the Schneiderian membrane is dry, the sense of 
smell is lost ; in the first stage of catarrh, when the secretion 
of mucus within the nostrils is lessened, the faculty of perceiv- 
ing odours is either lost, or rendered very imperfect. 

In animals living in the air, it is also requisite that the 
odorous matters should be transmitted in a current through the 
nostrils. This is effected by the respiratory movements: hence 
we have voluntary influence over the sense of smell; for by 
interrupting respiration we prevent the perception of odours, 
and by repeated quick inspirations assisted, as in the act of 
sniffing, by slight contraction of the nostrils, we render the im- 
pression more intense. 


The human organ of smell is essentially formed by the fila- 
ments of the olfactory nerves distributed, in minute arrange- 
ment, in the mucous membrane covering the superior three- 
fourths of the septum of the nose, the superior turbinated or 
spongy bone, the upper half of the middle turbinated bone, and 
the upper wall of the nasal cavities beneath the cribriform 
plates of the ethmoid bone. In all their distribution, the 
branches of the olfactory nerves retain much of the same soft 
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and greyish texture which distinguishes their trunks (as the 
olfactory lobes of the brain are called) within the cranium. 
Their individual filaments, also, are peculiar, more resembling 
those of the sympathetic nerve than the filaments of the other 
cerebral nerves do, containing no outer white substance, and 
being finely granular and nucleated.* The branches are dis- 
tributed principally in close plexuses; but the mode of termi- 
nation of the filaments is wholly unknown. 

The sense of smell is derived exclusively through those parts 
of the nasal cavities in which the olfactory nerves are distri- 
buted ; the accessory cavities or sinuses communicating with 
the nostrils seem to have no relation to it. Air impregnated 
with the vapour of camphor was injected by Deschamps into 
the frontal sinus through a fistulous opening, and Richerand 
injected odorous substances into the antrum of Highmore ; but 
in neither case was any odour perceived by the patient. The 
purposes of these sinuses appear to be that the bones, necessa- 
rily large for the action of the muscles and other parts connected 
with them, may be as light as possible, and that there may be 
more room for the resonance of the air in vocalizing. The 
former purpose, which is in other bones obtained by filling their 
cavities with fat, is here attained, as it is in many bones of 
birds, by their being filled with air. 

All parts of the nasal cavities, whether they can be the seats 
of the sense of smell or not, are endowed with common sensi- 
bility by the nasal branches of the first and second divisions of 
the fifth nerve. Hence the sensations of cold, heat, itching, 
tickling, and pain ; and the sensation of tension or pressure, in 
the nostrils. That these nerves cannot perform the function of 
the olfactory nerves is proved by cases in which the sense 
of smell is lost, while the mucous membrane of the nose 
remains susceptible of the various modifications of common 
sensation or touch. But it is often difficult to distinguish 


* See Todd and Bowman (xxxix. vol. ii.): the work which, before all, on 
the minute anatomy of the organs of sense, the student should consult. 
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the sensation of smell from that of mere feeling, and to 
ascertain what belongs to each separately. This is the case 
particularly with the sensations excited in the nose by acrid 
vapours, as of ammonia, horse-radish, and mustard, &c., which 
resemble much the sensations of the nerves of touch; and the 
idifficulty is the greater when it is remembered that these 
vacrid vapours have nearly the same action upon the mucous 
‘membrane of the eyelids. It was because the common sensibi- 
lity of the nose to these irritating substances remained, after the 
‘destruction of the olfactory nerves, that Magendie was led to 
\believe the fifth nerve might exercise the special sense. 


Animals do not all equally perceive the same odours; the 


odours perceived by an herbivorous animal and by a carnivorous 
animal are different. The Carnivora have the power of detect- 


i 


¥ 


ing most accurately by the smell the special peculiarities of 
animal matters, and of tracking other animals by the scent ; 
but have apparently no sensibility to the odours of plants and 


' flowers. Herbivorous animals are peculiarly sensitive to the 


_ latter, and have a narrower sensibility to animal odours, espe- 


cially to such as proceed from other individuals of their own 


species. Man is far inferior to many animals of both classes in 


respect of the acuteness of smell ; but his sphere of susceptibi- 
lity to various odours is more uniform and extended. The 
cause of this difference must lie in the endowments of the cen- 
tral parts of the olfactory apparatus. 

Opposed to the sensation of an agreeable odour is that of a 
disagreeable or disgusting odour, which corresponds to the sen- 
sations of pain, dazzling and disharmony of colours, and dis- 
sonance, in the other senses. The cause of this difference in the 
effect of different odours is unknown ; but thus much is certain, 
that odours are pleasant or offensive in a relative sense only, 
for many animals pass their existence in the midst of odours 
which to us are highly disagreeable. A great difference in this 
respect is, indeed, observed amongst men: many odours gene- 
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rally thought agreeable are to some persons intolerable ; and 
different persons describe differently the sensations that they 
severally derive from the same odorous substances. There 
seems also to be in some persons an insensibility to certain 
odours, comparable with that of the eye to certain colours ; 
and among different persons, as great a difference in the acute- 
ness of the sense of smell as among others in the acuteness 
of sight. We have no exact proof that a relation of harmony 
and disharmony exists between odours as between colours and 
sounds ; though it is probable that such is the case, since it cer- 
tainly is so with regard to the sense of taste; and since such a 
relation would account in some measure for the different degrees 
of perceptive power in different persons; for as some have no 
ear for music (as it is said), so others have no clear appreciation 
of the relations of odours, and, therefore, little pleasure in them. 
It is also not certain that sensations of odours continue after the 
impression of the odorous matter has ceased, though we can 
scarcely imagine that such is not the case. It is difficult to as- 
certain this point by direct observation ; because the odour that 
is frequently retained in the nose may arise from some of the 
odorous matter remaining dissolved in the mucus of the nostrils, 

The sensations of the olfactory nerves, independent of the ex- 
ternal application of odorous substances, have hitherto been 
little studied. It has been found that solutions of inodorous 
substances, such as salts, excite no sensation of odour when in- 
jected into the nostrils. The friction of the electrical machine 
is, however, known to produce a smell like that of phosphorus. 
Ritter, too, has observed, that when galvanism is applied to the 
organ of smell, besides the impulse to sneeze, and the tickling 
sensation excited in the filaments of the fifth nerve, a smell 
like that of ammonia was excited by the negative pole, and an 
acid odour by the positive pole; whichever of these sensations 
was produced, it remained constant as long as the circle was 
closed, and changed to the other at the moment of the circle 
being opened. Frequently a person smells something which is 
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mot present, and which other persons cannot smell ; this is very 
frequent with nervous people, but it occasionally happens to 
every one. In a man who was constantly conscious of a bad 
odour, the arachnoid was found after death, by MM. Cullerier 
‘and Maignault, to be beset with deposits of bone; and in the 
middle of the cerebral hemispheres were scrofulous cysts in the 
istate of suppuration. Dubois was acquainted with a man who, 
vever after a fall from his horse, which occurred several years 
‘before his death, believed that he smelt a bad odour. 


THE SENSE OF SIGHT. 


The eye, or the organ of vision, consists essentially in a 
membranous expansion of the peripheral extremity of the nerve 
of sight, the optic, for the purpose of receiving the impressions 

of the rays of light from luminous bodies. This expansion of 
the optic nerve is termed the retina. It is a delicate mem- 
brane, concave, with the concavity directed forwards ; semi- 
transparent when fresh, but soon becoming clouded and opaque, 
with a pinkish tint from the blood in its minute vessels. It 
results from a sudden spreading out or expansion of the optic 
nerve, of whose terminal fibres, apparently deprived of their ex- 
ternal white substance, it is almost entirely composed. At first 
the fibres of the optic nerve run in distinct bundles, which 
radiate from the point at which the trunk of the nerve termi- 
nates, and then pursue a tolerably straight course towards the 
anterior margin of the retina. As they proceed in this course, 
however, the bundles shortly break up into their component 
fibres, which then interlace and form a fine membranous sheath, 
towards the anterior margin of which all trace of fibrous ar- 
rangement disappears. 

The mode in which the nerve-fibres of the retina terminate, 
is still involved in obscurity, in spite of the many efforts to de- 
termine the question, Several observers, including Valentin, 
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Bidder, and Pappenheim, are of opinion that the fibres terminate 
in loops at the anterior margin of the retina: Krause says he 
has observed these loops at every part of the retina, both in 
front and behind; whilst Hannover states that the fibres end in 
free extremities, but never in loops. Nothing, therefore, can at 
present be stated positively on this point, except that at the 
posterior part of the retina, where the sense of sight is especially 
developed, no nerve-terminations, looped or otherwise, have yet 
been found (except by Krause), and that, therefore, the opinion 
that each sensitive point of the retina corresponds to the extre- 
mity of a separate nerve-fibre is not founded in fact. 

Nearly all who have recently examined the minute structure 
of the retina, concur in describing the existence of numerous cells 
and globules lying on both sides of the fibrous expansion of this 
membrane, and chiefly along its internal surface and within the 
meshes formed by the interlacing of the individual nerve-fibres. 
These cellular bodies appear to be of different kinds, although, 
as Henle observes, it is probable that the several varieties met 
with, are only the same cells in different stages of development. 
The larger and more perfectly developed cells are nearest to the 
fibrous layer. By Valentin (xxxiv. 1837, p. 25), who first 
accurately described them, they were considered as identical 
with the ganglion-corpuscles of nervous substance: but Henle 
(xxxvii. p. 665) is of opinion that they probably constitute a 
kind of transparent epithelium, which serves to invest the deli- 
cate nerves composing the fibrous layer. Very shortly after 
death these cells break up, and the place which they occupied 
becomes a confused granular mass, in which are scattered, often 
in a linear direction, numerous oil-like globules, which are pro- 
bably the nuclei of the disintegrated cells. Nothing has yet 
been found among them having any resemblance to caudate 
corpuscles giving origin, or affording a termination, to nerve- 
fibres. 

Exactly in the centre of the retina, and at a point thus cor- 
responding to the axis of the eye, in which the sense of vision 
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is most perfect, is a round yellowish elevated spot, about jth of 
an inch in diameter, having a minute aperture at its summit, 
and called after its discoverer the yellow spot of Soemmering. 
It is not covered by the fibrous part of the retina, but a layer 
of closely-set cells are said to pass over it (xxxix. vol. ii. p. 
81). The use of this spot is quite unknown. At about an 
eighth of an inch to the inner side of the yellow spot, and con- 
sequently of the axis of the eye, is the point at which the optic 
nerve spreads out its fibres to form the retina. This is the 
only point of the surface of the retina from which the power 
of vision is absent. 

On the outside, the retina is surrounded by the membrana 
Jacobi, composed of cylindrical, or staff-shaped, transparent, and 
highly refractive bodies, arranged perpendicularly to the surface 
of the retina, with their outer extremities imbedded, to a greater 
or less depth, in a layer of black pigment of the choroid coat, 
The only plausible suggestion which has been offered concerning 
the use of these bodies, is one by Briicke, who thinks it not un- 
likely that they may serve to conduct back to the sensitive por- 
tion of the retina, those rays of light which, having traversed 
that membrane, are not entirely absorbed by the black pigment 
of the choroid. 

The choroid which is the next tunic of the eye, and surrounds 
the membrana Jacobi, consists of a thin and highly vascular 
membrane, of which the internal surface is covered by a layer 
of black pigment-cells in which, as just said, the staff-shaped 
bodies of the membrana Jacobi are imbedded. The principal 
use of the choroid is to absorb, by means of its pigment, those 
rays of light which pass through the transparent retina, and 
thus to prevent their being thrown again upon the retina so ag 
to interfere with the distinctness of the images there formed. 
Hence animals in which the choroid is destitute of pigment, 
and human Albinoes, are dazzled by daylight, and see best in 
the twilight. 

By means of the retina and the other parts just described, 
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a provision is afforded for enabling the terminal fibres of the 
optic nerve to receive the impression of rays of light, and 
to communicate them to the brain, in which they excite the 
sensation of vision. But that light should produce in the res 
tina images of the objects from which it comes, it is neces- 
sary that when emitted or reflected from determinate parts of 
external objects, it should stimulate only corresponding parts of 
the retina. For as light radiates from a luminous body in all 
directions, when the media offer no impediment to its transmis- 
sion, a luminous point will necessarily illuminate all parts of a 
surface, such as the retina, opposed to it, and not merely one 
single point. A retina, therefore, without any optical appara- 
tus placed in front of it to separate the light of different objects, 
would see nothing distinctly, but would merely perceive the ge- 
neral impression of daylight, and distinguish it from the night. 
Accordingly, we find that in man, and most vertebrate animals, 
certain transparent refracting media are placed in front of the 
retina for the purpose of collecting together into one point the 
different diverging rays emitted by each point of the external 
body, and of giving them such directions that they shall fall on 
corresponding points of the retina, and thus produce an exact 
image of the object from which they proceed. These refracting 
media are, in the order of succession from without inwards, 
the cornea, the aqueous humour, the crystalline lens, and the 
vitreous humour. 

The cornea is a dense perfectly transparent substance, con- 
vex anteriorly, concave posteriorly, and composed of fibrous 
tissue arranged in numerous distinct lamine. It is in a two- 
fold manner capable of refracting and causing convergence 
of the rays of light that fall upon and traverse it. It thus 
affects them, first, by its density; for it is a law in optics 
that when rays of light pass from a rarer into a denser 
medium, if they impinge upon the surface in a direction re- 
moved from the perpendicular, they are bent out of their former 
direction towards that of a line perpendicular to the surface 
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‘of the denser medium ; and, secondly, by its convexity—for it 
iis another law in optics that rays of light impinging upon a 
convex transparent surface are refracted towards the centre, 
ithose being most refracted which are farthest from the centre of 
ithe convex surface. 

Behind the cornea is a space containing a thin watery fluid, 
‘the aqueous humour, holding in solution a small quantity of 
‘chloride of sodium and extractive matter. The space con- 
taining the aqueous humour is divided into an anterior and 
posterior chamber by a membranous partition, the iris, to be 
} presently again mentioned. The effect produced by the 
-aqueous humour on the rays of light traversing it is not yet 
fully ascertained. Its chief use, probably, is that of enabling 
‘the cornea to maintain its proper convexity ; and at the same 
time to furnish a medium in which the movements of the iris 
ean take place. 


Behind the aqueous humour and the iris, and imbedded in 
‘the anterior part of the medium next to be described, viz., the 
vitreous humour, is seated a doubly-convex body, the crystalline 
lens, which is the most important refracting structure of the 
eye. The structure of the lens is very complex. It consists 
essentially of fibres united side by side to each other, and 

arranged together in very numerous lamine, which are so placed 
upon one another that when hardened in spirit the lens splits 
into three portions, in the form of sections, each of which is com- 

_ posed of superimposed concentric laminee. The lens increases in 

density and, consequently, in power of refraction, from without 
inwards ; the central part, usually termed the nucleus, being 
the most dense. The density of the lens increases with age; 
it is comparatively soft in infancy, but very firm in advanced 
life : it is also more spherical at an early period of life than in 
old age. 

The vitreous humour constitutes nearly four-fifths of the 

whole globe of the eye. It fills up the space between the retina 
and the lens, and its soft jelly-like substance consists essentially 
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of numerous layers, formed of delicate, simple membrane, the 
spaces between which are filled with a watery, pellucid fluid. 
It probably exercises some share in refracting the rays of light 
to the retina; but its principal use appears to be that of giving 
the proper distension to the globe of the eye, and of keeping the 
surface of the retina at a proper distance from the lens. 


Such are the transparent media by which the rays of light 
undergo the necessary refraction in their course from an exter- 
nal object to the sensitive retina. They and the other contents 
of the ball of the eye are surrounded and kept in position by a 
dense fibrous, external investment, termed the sclevotica, which, 
besides thus encasing the contents of the eye, serves to give 
attachment to the various muscles by which the movements of 
the eye-ball are effected. These muscles, and the nerves sup- 
plying them, have been already considered (p. 428 ). 

As already observed, the space occupied by the aqueous 
humour is divided into two portions by a vertically-placed 
membranous diaphragm, termed the zis, provided with a cen- 
tral aperture, the pupil, for the transmission of light. The iris 
is composed of fibres resembling those of contractile fibro-cellu- 
lar tissue, with which are interwoven also a few organic mus 
cular fibres, and, in birds, ordinary striped or animal muscular 
fibres. The fibres of the iris have a direction, for the most 
part, radiating from the circumference towards the pupil; but 
as they approach the pupillary margin, they assume a circular 
direction, and at the very edge form a complete ring. By the 
contraction of the radiating fibres the size of the pupil is en- 
larged: by the contraction of the circular ones, which resemble 
a kind of sphincter, it is diminished. The object effected by 
the movements of the iris is the regulation of the quantity of 
light transmitted to the retina; the quantity of which is, ceteris 
paribus, directly proportioned to the size of the pupillary aper- 
ture. The posterior surface of the iris is coated with a layer of 
dark pigment, so that no rays of light can pass to the retina 
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except such as are admitted through the aperture of the 
;pupil.* 


Of the Phenomena of Vision. 


The essential constituents of the optical apparatus of the eye 
‘may thus be enumerated: a nervous expansion to receive and 
‘transmit to the brain the impressions of light; certain refract- 
‘ing media for the purpose of so disposing of the rays of light 
traversing them as to throw a correct image of an external body 
ion the retina; and a contractile diaphragm with a central 
japerture for regulating the quantity of light admitted into the 
peye. 

With the help of the adjoining diagram (fig. 41), represent- 
ing a vertical section of the eye from before backwards, the mode 
‘in which, by means of the refracting media of the eye, an image 
‘of an object of sight is thrown on the retina may be rendered 


Fig. 41, 


‘intelligible. The rays of the cones of light emitted by the points 
/4 8B, and every other point of an object placed before the eye, 


* For the best account of the structure of the various parts of the Eye see, 
) besides Todd and Bowman (xxxix. vol. ii.), the Lectures on Ophthalmic 
} Surgery by Mr. Bowman’ (ixxi, 1847 and 1848); Arnold (cixv.); Law- 
rence (cLxxxy.) ; Wharton Jones (cLxix. and Lxxiii. art. Hye); and Briicke 
} (cLxx.). 
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are first refracted, that is, are bent towards the axis of the cone, 
by the cornea c c, and the aqueous humour contained between 
it and the lens. The rays of each cone are again refracted and 
bent still more towards its central ray or axis by the anterior 
surface of the lens E E; and again as they pass out through its 
posterior surface into the less dense medium of the vitreous hu- 
mour. For a lens has the power of refracting, and causing the 
convergence of, the rays of a cone of light, not only on their 
entrance from a rarer medium into its anterior convex surface, 
but also at their exit from its posterior convex surface into the 
rarer medium. 

In this manner the rays of the cones of light issuing from the 
points 4 and B are again collected to points at a and 0 ; and, if the 
retina F be situated at a and 6, perfect, though reversed, images 
of the points a and B will be perceived: but if the retina be 
not at a and 8, but either before or behind that situation,—for 
instance at H or G,—circular luminous spots ¢ and f, or e and o, 
instead of points, will be seen; for at H the rays have not yet 
met, and at G they have already intersected each other, and are 
again diverging. The retina must therefore be situated at the 
proper focal distance from the lens, otherwise a defined image 
will not be formed ; or, in other words, the rays emitted by a 
given point of the object will not be collected into a correspond- 
ing point or focus upon the retina. 

The means by which distinct and correct images of objects 
are formed in the retina, in the various conditions in which the 
eye is placed in relation to external objects, may be separately 
considered under the following heads:—1. the means for pre- 
venting indistinctness from aberration; 2. the means for pre- 
venting it when objects are viewed at different distances ; 3. 
the means by which the reversed image of an object on the 
retina is perceived as in its right position by the mind. 

]. Since the retina is concave, and from its centre towards its 
margins gradually approaches the lens, it follows that the images 
of objects situated at the sides cannot be so distinct as those 


VISION. 527 


of objects nearer to the middle of the field of vision, and of 
which the images are formed at a distance behind the lens ex- 
actly corresponding to the situation of the retina. Moreover, 
the rays of a cone of light from an object situated at the side of 
the field of vision do not meet all in the same point, owing to 
their unequal refraction ; for the refraction of the rays which 
» pass through the cireumference of a lens is greater than that 
of those traversing its central portion. The concurrence of 
these two circumstances would cause indistinctness of vision, 
unless corrected by some contrivance. Such correction is effect- 
ed, in both cases, by the iris, which forms a kind of annular 
diaphragm to cover the circumference of the lens, and to prevent 
the rays from passing through any part of the lens but its cen- 
tre, which corresponds to the pupil. 

The image of an object will be most defined and distinct 
when the pupil is narrow, the object at the proper distance for 
vision, and the light abundant ; so that, while a suflicient num- 
ber of rays are admitted, the narrowness of the pupil may pre- 
' vent the production of indistinctness of the image by this spherd- 
cal aberration or unequal refraction just mentioned. But even 
the image formed by the rays passing through the circumference 
of the lens, when the pupil is much dilated, as in the dark, or 
in a feeble light, may, under certain circumstances, be well de- 
fined ; the image formed by the central rays being then indis-« 
‘tinct or invisible, in consequence of the retina not receiving 
‘these rays where they are concentrated to a focus. 

Distinctness of vision is further secured by the inner surface 
of the choroid, immediately external to the retina itself, as well 
as the posterior surface of the iris and the ciliary processes being 
‘coated with black pigment, which absorbs any rays of light that 
‘may be reflected within the eye, and prevents their being 
‘thrown again upon the retina so as to interfere with the images 
‘there formed. The pigment of the choroid is especially im- 
|portant in this respect; for the retina is very transparent, and 
iif the surface behind it were not of a dark colour, but capable 
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of reflecting the light, the luminous rays which had already 
acted on the retina would be reflected back again through it, 
and would fall upon other parts of the same membrane, 
producing both dazzling from excessive light, and indistinct- 
ness of the images. 

In the passage of light through an ordinary convex lens, de- 
composition of each ray into its elementary coloured parts com- 
monly ensues, and a coloured margin appears around the image, 
owing to the unequal refraction which the elementary colours 
undergo. In optical instruments this, which is termed chro- 
matic aberration, is corrected by the use of two or more lenses, 
differing in shape and density, the second of which continues or 
increases the refraction of the rays produced by the first, but 
by recombining the individual parts of each ray into its original 
white light, corrects any chromatic aberration which may have 
resulted from the first. It is probable that the unequal refrae- 
tive power of the transparent media in front of the retina, may 
be the means by which the eye is enabled to guard against the 
effect of chromatic aberration. The human eye is achromatic 
however, only so long as the image is received at its focal dis- 
tance upon the retina, or so long as the eye adapts itself to the 
different distances of sight. If either of these conditions be in- 
terfered with, a more or less distinct appearance of colours is 
produced. 

2. The distinctness of the image formed upon the retina is 
mainly dependent on the rays emitted by each luminous point 
of the object being brought to a perfect focus upon the retina. 
If this focus occurs at a point either in front of, or behind the 
retina, indistinctness of vision ensues, with the production of a 
halo. The focal distance, % e. the distance of the point at 
which the luminous rays from a lens are collected, besides being 
regulated by the degree of convexity and density of the lens, 
varies with the distance of the object from the lens, being 
greater as this is shorter, and vice versd. Hence, since objects 
placed at various distances from the eye can, within a certain 
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range, different in different persons,* be seen with almost equal 
distinctness, there must be some provision by which the eye is 
enabled to adapt itself; so that whatever length the focal dis- 
tance may be, the focal point may always fall exactly upon the 
retina. 

This power of adaptation of the eye to vision at different dis- 
tances has received the most varied explanations. It is ob- 
vious that the effect might be produced in either of two ways; 
viz. by altering the convexity or density, and thus the refract- 
ing power, either of the cornea or lens; or, by changing the 
position either of the retina or of the lens, so that whether the 
object viewed is near or distant, and the focal distance thus in- 
creased or diminished, the focal point to which the rays are 
converged by the lens, may always be at the place occupied 
by the retina. The amount of either of these changes required 
in even the widest range of vision, is extremely small. For, 
from the refractive powers of the media of the eye it has been 
calculated by Olbers that the difference between the focal 
distances of the images of an object at such distance that 
the rays are parallel, and of one at the distance of four inches, 
is only about 0°143 of an inch. On this calculation, the change 
in the distance of the retina from the lens required for vision at 
all distances, supposing the cornea and lens to maintain the 
same form, would not be more than about one line, which 
might be effected either by elongation of the eye, or by a change 
in the position of the lens. Dr. Young estimated the necessary 
change at one-sixth of the length of the axis of the eye. Olbers 
also calculated the amount of change in the convexity of the 
cornea which would be required for distinct vision at different 
distances, and finds it to be extremely small, though greater 
‘than it appeared probable could be produced by any power of 
ithe eye or of its muscles. 


* An ingenious instrument for measuring the distances at which each per- 
‘son may have distinct sight of objects has been invented by Mr. Smee, who 
mames it the Optometer (cLxxxvi.). 
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Both the above conditions, as well as several others, have 
been supposed sufficient alone to account for the power of adap- 
tation of the eye. Thus, by Sir E. Home and others, it has 
been attributed exclusively to a change in the convexity of the 
cornea, produced by the muscles of the eye-ball. But the 
calculations of Olbers shewed that the necessary change was 
greater than could be produced by the muscles of the eye; and 
Hueck has recently adduced evidence to prove that no alter- 
ation at all in the convexity of the cornea ensues when the 
eye looks first at a distant and then at anear body. By others 
the power of adaptation has been ascribed to alterations in the 
form of the whole globe of the eye, by the action of the muscles. 
But the action of the straight muscles is merely to retract 
the eye, and, if resistance were afforded by the cushion of fat 
behind it, to flatten rather than elongate it; their action might 
therefore have the effect of adapting the eye to the vision of 
distant objects: but it is in looking at very near objects, on 
the contrary, that we are conscious of an effort within the 
orbit. Moreover, as observed by Volkmann, we do not seem 
to possess sufficient power over the recti muscles to produce 
the combined action of all the four at one time; and ex- 
cept by such combined action, either of all four, or at least of 
two opposite ones, retraction of the eye-ball could not be effect- 
ed. Injury of the third pair of nerves, also, whereby paralysis 
of three of the recti muscles is produced, is not followed by 
any material disturbance of the power of adaptation; and 
evidence has been furnished by Hueck to shew that neither 
the oblique nor straight muscles can in any way exercise suf- 
ficient pressure on the eye to effect appreciable alteration in its 
form, or in the distinctness of an image formed on the retina. 

The movements of the iris have been considered the means 
of adaptation by some physiologists, chiefly from the fact that 
when distant objects are viewed, the pupil becomes dilated; 
when near objects, contracted. In general, such movements in 
the iris might be regarded as merely associate movements, the 
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pupil contracting when the eye is turned inwards, as in the act 
of looking at a near object, and dilating when the eyes are 
tured outwards. But contraction of the pupil may ensue 
when by a voluntary effort, without any change in the position 
of the axes of the eyes, a near object is regarded ; and dilatation 
of the pupil when a distant object is regarded. The iris may 
therefore co-operate for the production of distinct vision at dif- 
ferent distances; but sufficient evidence that it is not the chief 
organ for the adaptation, is furnished by the fact that indivi- 
duals in whom the iris is wholly wanting may have perfect 
vision for near as well as distant objects. Hueck, also, states 
that, without altering the direction of the axes of his eyes or 
the quantity of light admitted, but merely by fixing his atten- 
tion on a side object, he was able to widen his pupils as much 
as one-half more than their former diameter, without there en- 
suing any indistinctness of the object towards which the eyes 
were directed. 

The opinion now most commonly entertained of the adapt- 
ing power of the eye, is, that it is mainly due to some altera- 
tion either in position or form, or in both, undergone by the 
erystalline lens. The arguments stated by Hueck in favour 
of this view, are, first, that if the eye is watched attentively 
from the side, the iris will be observed to be bent forwards in 
the middle, and approximated closer to the cornea, when a near 
object is viewed, and to become flattened again when the sight 
is fixed upon a distant object: secondly, that when the fresh 
eye of a dog is removed and placed before a window, so that 
through an opening in the sclerotica, a distinct image of the 
window frame and an indistinct one of a smaller object, such 
as a key, held nearer to the eye, are perceived, the latter may 
be rendered distinct, and the former indistinct by drawing the 
lens forward with a needle inserted through the margin of the 
cornea, 

With respect to the mode in which such an approximation of 
the lens towards the cornea during the vision of near objects 
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may be effected, different explanations are offered. By some it 
is supposed to be produced by vascular turgescence of the ciliary 
processes ; the recedence of the lens ensuing on the cessation of 
the turgescence. By others, and with greater probability, it is 
supposed to be effected by the contraction of muscular tissue 
situated in the neighbourhood of the ciliary body and pro- 
cesses.* 

This view is supported by the fact that the adapting power 
of the eye can by many persons be exerted, and often rapidly, 
by a voluntary effort, quite independent of any alteration in 
the direction of the axes of the eyes; for it is inconceivable 
how such an effect can be produced, except by muscular fibres. 

The observations of Volkmann and Hueck, and others, are 
also favourable to this view, since they shew that in its 
quiescent state the eye is adapted to the vision of objects 
situated at the furthest point of distinct sight, and that, there- 
fore, in order to accommodate itself to the vision of an object 
placed at any distance within this far point, the eye will 
require but one act, that, namely, of increasing its focal dis- 
tance in proportion to the nearness of the object under view : 
an act of which the mind seems conscious by the effort which 
it has to make in adapting the eye to the vision of near ob- 
jects. No act is requisite to adapt the eye to the perception 
of distant objects, for, in reverting to its state of rest, it at once 
resumes its capacity for distant vision, and retains it so long 
as its quiescent state continues. 

The range of distances through which persons can adapt their 
power of vision is not in all cases the same. Some persons 
possess scarcely any power of adaptation, and of this defect of 
vision there are two kinds: one, in which the person can see 
objects distinctly only when brought close to the eye, having 
little power to discern distant objects: another, in which dis- 
tant objects alone can be distinctly perceived, a small body 


“ For an analysis of the various opinions on this subject consult the Sup- 
plement to Miller’s Physiology. 
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being almost invisible except when held at a considerable dis- 
tance from the eye. In the one case the person is said to be 
short-sighted or myopic: in the other, long-sighted or presbyopic. 
Myopia is caused by anything, such as undue convexity of the 
cornea, which increases the refracting power of the eye, and so 
causes the image of an object to be formed at a point anterior 
to the retina: the defect is remedied by the use of concave 
glasses. Presbyopia or long-sightedness is the result of con- 
ditions the reverse of the above, and is remedied by the use of 
convex glasses, which diminish the focal distance of an image 
formed in the eye.* 

3. The direction given to the rays by their refraction is regu- 
lated by that of the central ray, or axis of the cone, towards 
which the other rays are bent. The image of any pdint of an 
object is therefore as a rule, (the exceptions to which need not 
here be stated,) always formed in a line identical with the axis 
of the cone of light, as in the line B a, or a 4, fig. 42: so that 
the spot where the 
image of any point 
will be formed upon 
the retina may he de- 
termined by prolong- 
ing the central ray of 
the cone of light, or 
that ray which tra- 
verses the centre of 
the pupil. Thus, a 4 
is the axis or central 
ray of the cone of light issuing from a; B a, the central ray of 
the cone of light issuing from B; the image of a is formed at 
b, the image of B at a, in the inverted position; therefore what 
in the object was above, is in the image below, and vice versd,— 
the right-hand part of the object is in the image to the left, 


Fig. 42. 


* For details on this subject consult Miiller (xxxii.), and the various 
treatises on the Physiology and Detects of Vision. 
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the left-hand to the right. If an opening be made in an eye 
at its superior surface, so that the retina can be seen through 
the vitreous humour, this reversed image of any bright object, 
such as the windows of the room, may be perceived at the 
bottom of the eye. Or still better, if the eye of any albino 
animal, such as a white rabbit, in which the coats, from the 
absence of pigment, are transparent, is dissected clean, and held 
with the cornea towards a window, a very distinct image of 
the window completely inverted is seen depicted on the pos- 
terior translucent wall of the eye. Volkmann (xy. art. Sehen, 
286) has also shewn that a similar experiment may be suc- 
cessfully performed in a living person possessed of large pro- 
minent eyes and an unusually transparent sclerotica. 

No completely satisfactory explanation has yet been offered 
to account for the mind being able to form a correct idea of the 
erect position of an object of which an inverted image is formed 
on the retina. Miiller and Volkmann are of opinion that the 
mind really perceives an object as inverted but needs no correc- 
tion, since everything is seen alike inverted, and the relative 
position of the objects therefore remains unchanged ; and the 
only proof we can possibly have of the inversion is by experi- 
ment and the study of the laws of optics. It is the same thing 
as the daily inversion of objects consequent on the revolution of 
the entire earth, which we know only by observing the position 
of the stars; and yet it is certain that, within twenty-four 
hours, that which was below in relation to the stars, comes to 
be above. Hence it is, also, that no discordance arises between 
the sensations of inverted vision and those of touch, which per- 
ceives everything in its erect position ; for the images of all ob- 
jects, even of our own limbs, in the retina, are equally inverted, 
and therefore maintain the same relative position. Even the 
image of our hand, while used in touch, is seen inverted. The 
position in which we see objects, we call therefore the erect 
position. A mere lateral inversion of our body in a mirror, 
where the right hand occupies the left of the image, is indeed 
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scarcely remarked: and there is but little discordance between 
the sensations acquired by touch in regulating our movements 
by the image in the mirror, and those of sight, as, for example, 
in tying a knot in the cravat. There is some want of harmony 
here, on account of the inversion being only lateral, and not 
complete in all directions. 

The perception of the erect position of objects appears there- 
fore to be the result of an act of the mind. And this leads us 
to a consideration of the several other properties of the retina, 
and of the co-operation of the mind in the several other parts of 
the act of vision. To these belong not merely the act of sensa- 
tion itself, and the perception of the changes produced in the 
retina, as light and colours, but also the conversion of the mere 
images depicted in the retina into ideas of an extended field of 
vision, of proximity and distance, of the form and size of objects, 
of the reciprocal influence of different parts of the retina upon 
each other, the simultaneous action of the two eyes, and some 
other phenomena. 

To speak first of the ideal size of the field of vision.—The 
actual size of the field of vision depends on the extent of the 
retina, for only so many images can be seen at any one time as 
can occupy the retina at the same time; and thus considered, 
the retina, of which the affections are perceived by the mind, is 
itself the field of vision. But to the mind of the individual the 
size of the field of vision has no determinate limits ; sometimes 
it appears very small, at another time very large ; for the mind 
has the power of projecting the images on the retina towards 
the exterior. Hence the mental field of vision is very small 
when the sphere of the action of the mind is limited by impe- 
diments near the eye; on the contrary, it is very extensive 
when the projection of the images on the retina towards the 
exterior by the influence of the mind is not impeded. It is 
very small when we look into a hollow body of small capacity 
held before the eyes ; large when we look out upon a landscape 
through a small opening ; more extensive when we look at the 
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landscape through a window ; and most so when our view is 
not confined by any near object. In all these cases the idea 
which we receive of the size of the field of vision is very differ- 
ent, although its absolute size is in all the same, being depend- 
ent on the extent of the retina. Hence it follows that the mind 
is constantly co-operating in the acts of vision, so that at last it 
becomes difficult to say what belongs to mere sensation, and 
what to the influence of the mind. 

By a mental operation of this kind, we obtain a correct idea 
of the size of individual objects, as well as of the extent of the 
field of vision. To understand this, it will be necessary to refer 
again to fig. 42, page 533. 

The angle x, included between the decussating central rays 
of two cones of light issuing from different points ef an object, 
is called the optical angle—angulus opticus seu visorius. This 
angle becomes larger, the greater the distance between the 
points A and B; and since the angles # and y are equal, the 
distance between the points a and 0 in the image on the retina 
increases as the angle 2 becomes larger. Objects at different 
distances from the eye, but having the same optical angle, z,— 
for example, the objects, c, d, and e,—must also throw images 
of equal size upon the retina; and, if they occupy the same 
angle of the field of vision, their image must occupy the same 
spot in the retina, 

Nevertheless, these images appear to the mind of very un- 
equal size when the ideas of distance and proximity come into 
play ; for, from the image @ b, the mind forms the conception 
of a visual space extending to e, d, or c, and of an object of 
the size which that represented by the image on the retina 
appears to have when viewed close to the eye, or under the 
most usual circumstances. A landscape depicted on the retina, 
as a b, and viewed under the angle «, is therefore conceived by 
the mind to have an extent of two miles perhaps, if we know 
that its extent is such, or if we infer it to be so from the num- 
ber of known objects seen at the same time, And in the same 
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way that the images of several different objects, viewed under 
the same angle, thus appear to the mind to have a different size 
in the field of vision, so the whole field of vision, which has 
always the same absolute size, is interpreted by the mind as of 
extremely various extent; and, for this reason also, the image 
viewed in the camera obscura is regarded as a real landscape,— 
as the true field of vision,—although only a small image de- 
picted upon paper. The same mental process gives rise to the 
idea of depth in the field of vision ; this idea being fixed in our 
mind principally by the circumstance that, as we ourselves 
move forwards, different images in succession become depicted 
on our retina, so that we seem to pass between these images, 
which to the mind is the same thing as passing between the 
objects themselves. 

The action of the sense of vision in relation to external ob- 
jects is, therefore, quite different from that of the sense of touch. 
The objects of the latter sense are immediately present to it ; 
and our own body, with which they come into contact, is the 
measure of their size. The part of a table touched by the hand 
appears as large as the part of the hand receiving an impression 
from it, for a part of our body in which a sensation is excited 
is here the measure by which we judge of the magnitude of the 
object. In the sense of vision, on the contrary, the images of 
objects are mere fractions of the objects themselves realized 
upon the retina, the extent of which remains constantly the 
same. But the imagination which analyses the sensations of 
vision, invests the images of objects, together with the whole 
field of vision, in the retina, with very varying dimensions ; the 
relative size of the images in proportion to the whole field of 
vision, or of the affected parts of the retina to the whole retina, 
alone remaining unaltered. 

The direction in which an object is seen, the direction of 
vision, or visual direction, depends on the part of the retina 
which receives the image, and on the distance of this part from, 
and its relation to, the central point of the retina. Thus, ob- 
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jects of which the images fall upon the same parts of the retina 
lie in the same visual direction ; and when, by the action of the 
mind, the images or affections of the retina are projected into 
the exterior world, the relation of the images to each other 
remains the same. 

The estimation of the form of bodies by sight is the result 
partly of the mere sensation, and partly of the association of 
ideas. Since the form of the images perceived by the retina 
depends wholly on the outline of the part of the retina affected, 
the sensation alone is adequate to the distinction of only super- 
ficial forms from each other, as of a square from a circle. But 
the idea of a solid body, as a sphere or a body of three or more 
dimensions, ¢. g. a cube, can only be attained by the action of 
the mind constructing it from the different superficial images 
seen in different positions of the eye with regard to the object ; 
and as shewn by Mr. Wheatstone, from two different perspective 
projections of the body being presented simultaneously to the 
mind by the two eyes. Hence, when in adult age sight is sud- 
denly restored to persons blind from infancy, all objects in the 
field of vision appear at first as if painted flat on one surface ; 
and no idea of solidity is formed until after long exercise of the 
sense of vision combined with that of touch. 

We judge of the motion of an object, partly from the motion 
of its image over the surface of the retina, and partly from the 
motion of our eyes following it. If the image upon the retina 
moves while our eyes and our body are at rest, we conclude 
that the object is changing its relative position with regard to 
ourselves. In such a case the movement of the object may be 
apparent only, as when we are standing upon a body which is 
in motion, such as a ship. If, on the other hand, the image does 
not move with regard to the retina, but remains fixed upon the 
same spot of that membrane, while our eyes follow the moving 
hody, we judge of the motion of the object by the sensations of 
the muscles in action to move the eye. Ifthe image moves over 
the surface of the retina while the muscles of the eye are acting 
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at the same time ina manner corresponding to this motion, as 
in reading, we infer that the object is stationary, and we know 
that we are merely altering the relation of our eyes to the ob- 
ject. Sometimes the object appears to move when both object 
and eye are fixed, as in vertigo. 


The mind can, by the faculty of attention, concentrate its ac- 
tivity more or less exclusively upon the senses of sight, hearing, 
and touch alternately. When exclusively occupied with the 
action of one sense, it is scarcely conscious of the sensations of 
the others. The mind, when deeply immersed in contempla- 
tions of another nature, is indifferent to the actions of the sense 
of sight, as of every other sense. We often when deep in 
thought have our eyes open and fixed, but see nothing, owing 
to the action of the fibres of the optic nerves being unable to 
excite the mind to perception when otherwise engaged. The 
attention which is thus necessary for vision, is necessary also 
to analyse what the field of vision presents. The mind does 
not perceive all the objects presented by the field of vision at 
the same time with equal acuteness, but directs itself first to one 
and then to another. The sensation becomes more intense ac- 
cording as the particular object is at the time the principal 
subject of mental contemplation. Any compound mathematical 
figure produces a different impression, according as the attention 
is directed exclusively to one or the other part of it. Thus, in 
fig. 43, we may in succession have a vivid per- 
ception of the whole, or of distinct parts only ; 
of the six triangles near the outer circle, of the 
hexagon in the middle, or of the three large 
triangles. The more numerous and varied the 
parts of which a figure is composed, the more 
scope does it afford for the play of the attention. 
Hence it is that architectural ornaments have an enlivening 
effect on the sense of vision, since they afford constantly fresh 
subject for the action of the mind. 


Fig. 43. 
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The duration of the sensations of the retina is much longer 
than that of the impressions which produce them: according to 
Plateau, the sensation persists 0°32 to 0°35 of a second after 
the impression has ceased ; and the duration of the after-sen- 
sation or spectrum, is greater in a direct ratio with the duration 
of the impression which caused it. Hence the image of a bright 
object, as of the panes of a window through which the light 
is shining, may be perceived in the retina for a considerable 
period, if we have previously kept our eye fixed for some time 
on them. 

The colour of the spectrum varies with that of the object 
which produced it. The spectra left by the images of white or 
luminous objects are ordinarily white or luminous ; those left by 
dark objects are dark. Sometimes, however, the relation of the 
light and dark parts in the image may, under certain cireum- 
stances, be reversed in the spectrum ; what was bright may be 
dark, and what was dark may appear light. This occurs 
whenever the eye which is the seat of the spectrum of a 
luminous object is not closed, but fixed upon another bright 
or white surface, as a white wall or a sheet of white 
paper. Hence the spectrum of the sun, which, while light 
is excluded from the eye, is luminous, appears black or grey 
when the eye is directed upon a white surface. The explan- 
ation of this is that the part of the retina which has received 
the luminous image remains for a certain period afterwards 
in an excited state, while that which has received a dark image 
is in an unexcited, and therefore much more excitable, con- 
dition. 

* Fig. 44. A circle shewing the various simple and compound colours of 
light, and those which are complemental of each other, é.e. which, when 
mixed, produce a neutral grey tint. The three simple colours, red, yellow, and 
blue, are placed at the angles of an equilateral triangle, which are connected 
together by means of a circle ; the mixed colours, green, orange, and violet, 
are placed intermediate between the corresponding simple or homogeneous 


colours ; and the complemental colours, of which the pigments when mixed 
would constitute a grey, and of which the prismatic spectra would together 
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The ocular spectra which remain after the impression of co- 
lloured objects upon the retina are always coloured; and their 
‘colour is, not that of the ob- 
jject, or of the image produced 
vdirectly by the object, but 
ithe opposite, or complemental 
‘colour, The spectrum of a 
ired object is, therefore, green ; 
'that of a green object, red ; 
ithat of violet, yellow; that 
‘of yellow, violet, and so on. 
The colours which thus re- green 
ciprocally excite each other in the retina are those placed at 
opposite points of the circle in fig. 44. 


Fig. 44.* 


Of the reciprocal action of different parts of the retina on 
each other. 


Although each elementary part of the retina represents a dis- 
‘tinct portion of the field of vision, yet the different elementary 
| parts, or sensitive points, of that membrane have a certain in- 
fluence on each other ; the particular condition of one influencing 
‘that of another, so that the image perceived by one part is mo- 
dified by the image depicted in the other. The phenomena, 
which result from this relation between the different parts of the 
retina, may be arranged in two classes ; the one including those 
where the condition existing in the greater extent of the retina 


produce a white light, will be found to be placed in each case opposite to each 
other, but connected by a line passing through the centre of the circle. The 
figure is also useful in shewing the further shades of colour which are com- 
plementary of each other. If the circle be supposed to contain every transi- 
tion of colour between the six marked down, those which, when united, yield 
a white or grey colour, will always be found directly opposite to each other ; 
thus, for example, the intermediate tint between orange and red is comple- 
mental of the middle tint between green and blue, 
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is imparted to the remainder of that membrane; the other con- 
sisting of those in which the condition of the larger portion of 
the retina excites in the less extensive portion the opposite 
condition. 

1. When two opposite impressions occur in contiguous parts 
of an image on the retina, the one impression is, under certain 
circumstances, modified by the other. If the impressions 
occupy each one-half of the image, this does not take place, for 
in that case their actions are equally balanced. But if one of 
the impressions occupies only a small part of the retina, and the 
other the greater part of its surface, the latter may, if long con- 
tinued, extend its influence over the whole retina, so that the 
opposite less extensive impression is no longer perceived, and its 
place becomes occupied by the same sensation as the rest of the 
field of vision. Thus, if we fix the eye for some time upon a 
strip of coloured paper lying upon a white surface, the image of 
the coloured object, especially when it falls on the lateral parts 
of the retina, will gradually disappear, and the white surface be 
seen in its place. 

The disappearance of images which fall on the point of en- 
trance of the optic nerve is also attributed by Miiller to this 
property possessed by the retina of imparting the condition 
affecting its larger part to the remainder. The more common 
explanation of the phenomenon, however, is that the retina 
corresponding to the point of entrance of the optic nerve is com- 
pletely insensible to the impressions of light- The phenomenon 
itself is very readily shewn, If we direct one eye, the other 
being closed, upon a point at such distance to the side of any 
object that the image of the latter must fall upon the retina at 
the point of entrance of the optic nerve, this image is lost either 
instantaneously or very soon. If, for example, we close the left 
eye, and direct the axis of the right eye 
steadily towards the circular spot here re- & Be 
presented, while the page is held at a 
distance about five times greater than that of the objects from 
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seach other, the cross will vanish, and the colour of the paper 
‘will be seen in its place. That this phenomenon arises from 
‘the image falling on the point of entrance of the optic nerve, 
‘is shewn by fixing the same eye upon the cross instead of upon 
‘the round dot; the latter object then does not disappear, or 
only after long persistence of the impression. 

2. In the second class of phenomena, the affection of one part 
of the retina influences that of another part not in such a man- 
ner as to obliterate it, but so as to cause it to become the con- 
trast or opposite of itself. Thus a grey spot upon a white 
ground appears darker than the same tint of grey would do, if 
it alone occupied the whole field of vision, and a shadow is al- 
ways rendered deeper when the light which gives rise to it be- 
comes more intense, owing to the greater contrast. The former 


phenomena ensue gradually, and only after the images have 


been long fixed on the retina; the latter are instantaneous in 
their production, and are permanent. 

In the same way, also, colours may be produced by contrast. 
Thus, a very small dull-grey strip of paper, lying upon an ex- 
tensive surface of any bright colour, does not appear grey, but 
has a faint tint of the colour which is the contrast of that of the 
surrounding surface (see page 541). A strip of grey paper 
upon a green field, for example, often appears to have a tint of 
red, and when lying upon a red surface, a greenish tint ; it has 
an orange-coloured tint upon a bright blue surface, and a bluish 
tint upon an orange-coloured surface ; a yellowish colour upon 
a bright violet, and a violet tint upon a bright yellow surface. 
The colour excited thus, as a contrast to the exciting colour, 
being wholly independent of any rays of the corresponding 
colour acting from without upon the retina, must arise as an op- 
posite or antagonistic condition of that membrane ; and the oppo- 
site conditions of which the retina thus becomes the subject would 
seem to balance each other by their reciprocal reaction. A neces- 
sary condition for the production of the contrasted colours is, 
that the part of the retina in which the new colour is to be 
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excited shall be in a state of comparative repose; hence the 
small object itself must be grey. A second condition is, that 
the colour of the surrounding surface shall be very bright, that 
is, it shall contain much white light. 


Of the Simultaneous Action of the two Eyes. 


Although the sense of sight is exercised by two organs, yet 
the impression of an object conveyed to the mind is single. Va- 
rious theories have been advanced to account for this phenome- 
non. By Gall it was supposed that we not really employ 
both eyes simultaneously in vision, but always see with one 
only at a time. This especial employment of one eye in 
vision certainly occurs in persons whose eyes are of very une- 
qual focal distance, but in the majority of individuals both eyes 
are simultaneously in action in the perception of the same ob- 
ject ; this is shewn by the double images seen under certain 
conditions. If two fingers be held up before the eyes, one in 
front of the other, and vision be directed to the more distant, 
so that it is seen singly, the nearer will appear double ; while, 
if the nearer one be regarded, the more distant will be seen 
double ; and one of the double images in each case will be 
found to belong to one eye, the other to the other eye. 

Single vision results only when certain parts of the two re- 
tine are affected simultaneously ; if different parts of the retina 

receive the image of the 
Fig. 45. object, it is seen double. 


a b a B p_- The parts of the retine 
cane er, in the two eyes which 
¢ thus correspond to each 
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ee - other in the property 
= Seder of referring the images, 
which affect them simul- 
taneously, to the same 
spot in the field of vision, are in man just those parts which 
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‘would correspond to each other if one retina were placed exactly 
‘in front of, and over, the other (as in fig. 45, c). Thus, the 
‘outer lateral portion of one eye corresponds to, or, to use a 
‘better term, is identical with, the inner portion of the other 
‘eye; or a of the eye a (fig. 45) with a’ of the eye B. The 
‘upper part of one retina is also identical with the upper part 
of the other ; and the lower parts of the two eyes are identical 
with each other. 

This is proved by a simple experiment. Pressure upon any 
part of the ball of the eye, so as to affect the retina, produces a 
luminous circle seen at the opposite side of the field of vision to 
‘that on which the pressure is made. If, now, in a dark room, 
/we press with the finger at the upper part of one eye, and at 
ithe lower part of the other, two luminous circles are seen, one 
‘above the other; so, also, two figures are seen, when pressure 
is made simultaneously on the two outer or the two inner sides 
‘of both eyes. It is certain, therefore, that neither the upper 
) part of one retina and the lower part of the other are identical, 
‘nor the outer lateral parts of the two retine, nor their inner 
‘lateral portions. But if pressure be made with the fingers upon 
| both eyes simultaneously at their lower part, one luminous ring 
‘is seen at the middle of the upper part of the field of vision ; if 
i the pressure be applied to the upper part of both eyes, a single 
luminous circle is seen in the middle of the field of vision below. 
» So, also, if we press upon the outer side a of the eye a, and 
upon the inner side @’ of the eye B, a single spectrum is pro- 
‘duced, and is apparent at the extreme right of the field of vision; 
‘if upon the point J of one eye, and the point 6’ of the other, a 
) single spectrum is seen to the extreme left. 

The spheres of the two retina may therefore be regarded as 
lying one over the other, as in ¢, fig. 45; so that the left 
| portion of one eye lies over the identical left portion of the 
| other eye, the right portion of one eye over the identical right 
| portion of the other eye ; and so with the upper and lower por- 
| tions of the two eyes, @ lies over a’, 6 over J’, and coverc’, The 
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points of the one retina intermediate between a and c, are again 
identical with the correspondent points of the other retina be- 
tween a’ and c’; those between } and ¢ of the one retina, with 
those between 0’ and c' of the other. In short, all other parts 
are non-identical ; and, when they are excited to action, the 
effect is the same as if the impressions were made on different 
parts of the same retina; and the double images belonging to 
the eyes A and B, are seen at exactly the same distance from 
each other as exists between the image of the eye a, and the 
part of the retina of the eye a which corresponds to or is iden- 
tical with the seat of the second image in the eye B; or, to re- 
turn to the figure already used in illustration (fig. 45), if a of 
one eye be affected, and 0’ of the other, the distance of the two 
images a and J’ will, inasmuch as a is identical with a’, and 6 
with 0’, lie at exactly the same distance from each other as 
images produced by impressions on the points a of the one 
eye, or a’ U' of the other. 
In application of these results to the phenomena of vision, if 
the position of the eyes with regard to a luminous object be such 
Fig. 46. that similar images of 
the same object fall on 
identical parts of the 
two retina, as occurs 
when the axes meet 
in some one pojnt, the 
object is seen single ; 
if otherwise, as in the 
various forms of squint- 
ing, two images are 
formed, and double 
vision results. If the 
axes of the eyes, A 
and B (fig. 46), be so 
directed that they meet 
at a, an object at a will be seen singly, for the point @ of the 
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one retina, and a’ of the other, are identical. So also, if the 
object (3 be so situated that its image falls in both eyes at the 
same distance from the central point of the retina,—namely, 
at 4 in the one eye, and at J’ in the other,—qa will be seen 
single, for it affects identical parts of the two retine. The 
same will apply to the object y. 

In quadrupeds the relation between the identical and non- 
identical parts of the retinee cannot be the same as in man ; for 
the axes of their eyes generally diverge, and can never be made 
to meet in one point of an object. When an animal regards an 
object situated directly in front of it, the image of the object 
must fall in both eyes on the outer portion of the retine. Thus 
the image of the object a (fig. 47) will fall at a’ in one eye, and 
at a’ in the other; and these points a’ and a” must be identi- 
eal. So, also, for distinct and single vision of objects, 0 or ¢, the 
points 4’ and b”, or ¢’ and ¢”, in the two retin, on which the 
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images of these objects fall, must be identical. All points of 
the retina in each eye which receive rays of light from lateral 
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objects only, can have no correspondent identical points in the 
retina of the other eye; for otherwise two objects, one situated 
to the right and the other to the left, would appear to lie in the 
same spot of the field of vision. It is probable, therefore, that 
there are in the eyes of animals parts of the retinee which are 
identical, and parts which are not identical, 2. ¢. parts in one 
which have no corresponding parts in the other eye. And the 
relation of the two retinee to each other in the field of vision 
may be represented as in fig. 48. 

The cause of the impressions on identical points of the two 
retince giving rise to but one sensation, and the perception of a 
single image, must either lie in the structural organization of 
the deeper or cerebral portion of the visual apparatus, or be the 
result of a mental operation ; for in no other case is it the pro- 
perty of the corresponding nerves of the two sides of the body 
to refer their sensations as one to one spot. 

Many attempts have been made to explain this remarkable 
relation between the eyes, by referring it to anatomical relations 
between the optic nerves. The circumstance of the inner por- 
tion of the fibres of the two optic nerves decussating at the 
commissure, and passing to the eye of the opposite side, while 
the outer portion of the fibres continue their course to the eye 
of the same side, so that the left side of both retine is formed 
from one root of the nerves, and the right side of both retina 
from the other root, naturally led to an attempt to explain the 
phenomenon by this distribution of the fibres of the nerves. 
And this explanation is favoured by cases in which the entire 
of one side of the retina, as far as the central point in both 
eyes, sometimes becomes insensible. But Miiller shews the 
inadequateness of this theory to explain the phenomenon, un- 
less it be supposed that each fibre in each cerebral portion of 
the optic nerves divides in the chiasma into two branches for 
the identical points of the two retine, as is shewn in the figure 
(fig. 49). But there is no foundation for such supposition. 

By another theory it was assumed that each optic nerve con- 
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tains exactly the same number of fibres as the other, and that 
the correspondent fibres of the two nerves are united in the 


Fig. 49. Fig. 50. Fig. 51. 


sensorium (as in fig. 50). But in this theory no account is 
taken of the partial decussation of the fibres of the nerves in 
the chiasma. 

According to a third theory, the fibres @ and a’, fig. 51, 
coming from identical points of the two retina, are in the 
chiasma brought into one optic nerve, and in the brain either 
are united by a loop, or spring from the same point. The same 
disposition prevails in the case of the identical fibres b and 0’, 
According to this theory, the left half of each retina would be 
‘represented in the left hemisphere of the brain, and the right 
‘half of each retina in the right hemisphere. 

Another explanation is founded on the fact that at the an- 
terior part of the chiasma of the optic nerve, certain fibres pass 
across from the distal portion of one nerve to the corresponding 
| portion of the other nerve, as if they were commissural fibres 
forming a connection between the retinze of the two eyes. It 
is supposed, indeed, that these fibres may connect the corre- 
' sponding parts of the two retinee, and may thus explain their 
unity of action ; in the same way as corresponding parts of the 
cerebral hemispheres are believed to be connected together by 

the commissural fibres of the corpus callosum, and so enabled 
to exercise unity of function. 
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But, on the whole, it is more probable, that the power of 
forming a single idea of an object from a double impression con- 
veyed by it to the eye is the result of a mental act. This is 
supported by the same facts as those by which the power has 
been shewn by Professor Wheatstone to be subservient to the 
purpose of obtaining a right perception of bodies raised in re- 
lief. When an object is placed so near the eyes that to 
view it the optic axes must converge, a different perspective 
projection of it is seen by each eye, these perspectives being 
more dissimilar as the convergence of the optic axes becomes 
greater. Thus, if any figure of three dimensions, an outline 
cube for example, be held at a moderate distance before the 
eyes, and viewed with each eye successively, while the head is 
kept perfectly steady, a (fig. 52) will be the picture presented 
to the right eye, and B that seen by the left eye. Mr. Wheat- 
stone has shewn that on this circumstance depends in a great | 
measure our conviction of the solidity of an object, or of its pro- 
jection in relief. If different perspective drawings of a solid 
body, one representing the image seen by the right eye, the 
other that seen by the left (for example, the drawings of a cube 
A, B, fig. 52), be presented to corresponding parts of the two 
retinee, as may be readily done by means of the stereoscope, an 
instrument invented by Professor Wheatstone for the purpose, 
the mind will perceive not merely a single representation of the 


Fig. 52. 


object, but a body projecting in relief, the exact counterpart of 
that from which the drawings were made. 
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SENSE OF HEARING. 
Anatomy of the Organ of Hearing. 


The organ of hearing is formed by the distribution of the 
auditory nerve within the internal ear, or labyrinth of the ear, 
a set of cavities within the petrous portion of the temporal 
portion. The bone which forms the walls of these cavities is 
denser than that around it, and forms the osseous labyrinth ; 
the membrane within the cavities forms the membranous laby- 
rinth. 

The labyrinth consists of three principal parts, namely, the 
vestibule, the cochlea, and the semicircular canals. The vesti- 
bule is the middle cavity of the labyrinth, and the central 
organ of the whole auditory apparatus. It presents, in its inner 
wall, several openings for the entrance of the divisions of the 
auditory nerve ; in its outer wall, the fenestra ovalis, an open- 
ing filled by the base of the stapes, one of the small bones of the 
ear; in its posterior and superior walls, five openings by which 
the semicircular canals communicate with it; in its anterior 
wall, an opening leading into the cochlea. The hinder part of 
the inner wall of the vestibule also presents an opening, the 
orifice of the agueductus vestibuli, a canal leading to the pos- 
terior margin of the petrous bone, with uncertain contents and 
unknown purpose. 

The semicircular canals are six arched cylindriform bony 
canals, set in the substance of the petrous bone. They all open 
at both ends into the vestibule (two of them first coalescing), 
The ends of each are dilated just before opening into the vesti- 
bule ; and one end of each being more dilated than the other is 
called an ampulla. Two of the canals form nearly vertical 
arches ; of these the superior is also anterior; the posterior is 
inferior ; the third canal is horizontal, and lower and shorter 
than the others. 
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The cochlea, a small organ, shaped like a common snail-shell, 
is seated in front of the vestibule, its base resting on the bot- 
tom of the internal meatus, where some apertures transmit to it 
the cochlear filaments of the auditory nerve. In its axis the 
cochlea is traversed by a conical column or modiolus, around 
which a spiral canal winds with about two turns and a half 
from the base to the apex. At the apex of the cochlea the 
canal is closed; at the base it presents three openings, of which 
one, already mentioned, communicates with the vestibule; an- 
other, called fenestra rotunda, is separated by a membrane from 
the cavity of the tympanum ; the third is the orifice of the 
aqueductus cochlew, a canal leading to the jugular fossa of the 
petrous bone, and corresponding, at least in obscurity of pur- 
pose and origin, to the aqueeductus vestibuli. The spiral canal 
is divided into two passages, or scale, by a partition of bone 
and membrane, the lamina spiralis. The osseous part or zone 


of this lamina, is connected with the modiolus; the mem-. 


branous part, with a muscular zone forming its outer margin, 
is attached to the outer wall of the canal.* Commencing at 
the base of the cochlea, between its vestibular and tympanic 
openings, they form a partition between these apertures; the 
two scale are, therefore, in correspondence with this arrange- 
ment named scala vestibuli and scala tympani. At the apex of 
the cochlea, the lamina spiralis ends in a small hamulus, the 
inner and concave part of which, being detached from the sum- 
mit of the modiolus, leaves a small aperture by which the two 
scalee, separated in all the rest of their length, communicate. 
Within the cavities now described is the membranous laby- 
rinth, which corresponds generally with their form, but is se- 
parated from the walls of the vestibule and semicircular canals, 
except where the nerves enter into connection within it. The 
membranous labyrinth contains a fluid called endolymph ; and 
between its outer surface and the inner surface of the walls of 


* A very minute description of the structure of the /amina spiralis, and the 
cochlearis muscle is given in Todd and Bowman. 
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the vestibule and semicircular canals is another collection 
of similar fluid called perilymph: so that all the sonorous vi- 
brations impressing the auditory nerves on these parts of the 
internal ear are conducted through fluid to a membrane sus- 
pended in and containing fluid. The fluid in the cochlea com- 
municates with that in the vestibule, but there is no fluid ex- 
ternal to its lining membrane. 

The vestibular portion of the membranous labyrinth com- 
prises two, probably communicating, cavities, of which the 
upper and larger isnamed the wéricudus ; the lower the sacculus. 
In the former open the orifices of the membranous semicircular 
canals. The membrane composing this labyrinth is laminated, 
transparent, very vascular, covered on both surfaces with nu- 
cleated cells ; in the cavities which it encloses, especially in the 
utriculus and sacculus, it contains small masses of calcareous 
particles, named otoconia or ear-powder. 

The auditory nerve for the appropriate exposure of whose 
filaments to sonorous vibrations, all the organs now described 
are provided, is characterized as a nerve of special sense by its 
softness (whence it derived its name of portio mollis of the 
seventh pair), and by the fineness of its component fibres. 
It enters the labyrinth of the ear in two divisions: one for the 
vestibule and semicircular canals, the other for the cochlea, 
The branches for the vestibule spread out and radiate on the 
inner surface of the membranous labyrinth, and appear to 
mingle with the calcareous powder: their termination is un- 
known. Those for the semicircular canals pass into the am- 
pulle, and form within each of them a bulging projection, in 
which, according to Wagner, they terminate in free loops. The 
branches for the cochlea enter it through orifices at the base of 
the modiolus, which they ascend, and thence successively pass 
into canals in the osseous part of the lamina spiralis. In the 
canals of this osseous part or zone the nerves are arranged in 
plexuses ; and beyond them, entering the membranous part of 
the lamina, they terminate either in free extremities or in loops. 

BB 
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Such are the essential parts of the human organ of hearing. 
To these, others are adapted for the proper transmission of the 
sonorous vibrations of the air through, chiefly, the fenestra 
rotunda and the fenestra ovalis, the apertures by which the in- 
ternal ear is separated by membrane alone from the cavity of the 
tympanum or middle ear, The tympanum is an air cavity in 
the temporal bone, opening through its anterior and inner wall 
into the Eustachian tube, a cylindriform flattened canal, dilated 
at both ends, composed partly of bone and partly of carti- 
lage, lined with mucous membrane, and forming a communi- 
cation between the tympanum and the pharynx. It opens into 
the cavity of the pharynx just behind the posterior aperture of 
the nostrils. The cavity of the tympanum communicates with 
the air-cavities in the mastoid process of the temporal bone ; 


but its only opening to the external air is through the Eusta- » 


chian tube. The walls of the tympanum are osseous, except 
where apertures in them are closed with membrane, as at the 
fenestra rotunda, and fenestra ovalis, and at the outer part 
where the bone is replaced by the membrana tympani. The 
cavity of the tympanum is lined with mucous membrane and 
ciliated epithelium continuous with those of the pharynx. It 
contains a chain of small bones (ossicula auditus), which ex- 
tends from the membrana tympani to the fenestra ovalis. 

The membrana tympani is placed in a slanting direction at 
the bottom of the external auditory canal, its plane being at an 
angle of about 45° with the lower wall of the canal. It is 
formed, chiefly, of a tough and tense fibrous membrane, the edges 
of which are set in a bony groove ; its outer surface is covered 
with a continuation of the epidermal lining of the auditory 
canal, its inner surface with part of the ciliated mucous mem- 
brane of the tympanum. 

The ossicles of the ear are three, named malleus, incus, and 
stapes. The malleus, or hammer-bone, is attached by a long, 
slightly-curved process, called its handle, to the membrana tym- 
pani; the line of attachment being vertical, including the whole 
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length of the handle, and extending from the upper border to 
the centre of the membrane. The head of the malleus is irre- 
gularly rounded ; its neck, or the line of boundary between it 
and the handle, supports two processes ; a shor? conical one, 
which receives the insertion of the tensor tympani, and a slender 
one, processus gracilis, which extends forwards, and to which 
the larator tympani is attached. The incus, or anvil-bone, 
shaped like a bicuspid molar tooth, is articulated by its broader 
part, corresponding with the surface of the crown of a tooth, to 
the malleus. Of its two fang-like processes one, directed back- 
wards, has a free end; the other, curved downwards and more 
pointed, articulates with the stapes, a little bone shaped 
exactly like a stirrup, of which the base or bar fits in the fe- 
nestra ovalis. To the neck of the stapes, a short process corre- 
sponding with the loop of the stirrup, is attached the stapedius 
muscle. 

The bones of the ear are covered with mucous membrane 
reflected over them from the wall of the tympanum; and 
are movable both altogether and one upon the other. The 
malleus moves and vibrates with every movement and vibration 
of the membrana tympani, and its movements are communi- 
cated through the incus to the stapes, and through it to the 
membrane closing the fenestra ovalis. The malleus, also, is 
movable in its articulation with the incus; and the membrana 
tympani moving with it is altered in its degree of tension by 
the laxator and tensor tympani muscles. The stapes is movable 
on the process of the incus, when the stapedius muscle acting 
draws it backwards. 

The external ear consists of the awricle and external auditory 
canal. The principal parts of the auricle are two prominent 
rims enclosed one within the other (helix and anthelix), and 
enclosing a central hollow named the concha ; in front of the 
concha, a prominence directed backwards, the tragus, and oppo- 
site to this one directed forwards, the antitragus. From the 
concha the auditory canal, with a slight arch directed upwards, 
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passes inwards and a little forwards to the membrana tympani, 
to which it thus serves to convey the vibrating air. Its outer 
part consists of fibro-cartilage continued from the concha; its 
inner part of bone. 


Physiology of Hearing. 


The acoustic portion of the physiology of hearing is thus 
illustrated by Miiller ; chiefly in applications of the results of 
his experiments on the conduction of sonorous vibrations through 
various combinations of air, water, and solid substances, espe- 
cially membranes. 


All the acoustic contrivances of the organ of hearing are 
means for conducting the sound, just as the optical apparatus 
of the eye are media for conducting the light. Since all matter 
is capable of propagating sonorous vibrations, the simplest con- 
ditions must be sufficient for mere hearing ; for all substances 
surrounding the auditory nerve would communicate sound to it. 
In the eye a certain construction was required for directing the 
rays or undulations of light in such a manner that they should 
fall upon the optie nerve with the same relative disposition as 
that with which they issued from the object. In the sense of 
hearing this is not requisite. Sonorous vibrations, having the 
most various direction and the most unequal rate of succession, 
are transmitted by all media without modification, however 
manifold their decussations ; and, wherever these vibrations or 
undulations fall upon the organ of hearing and the auditory 
nerves, they must cause the sensation of corresponding sounds. 
The whole development of the organ of hearing, therefore, can 
have for its object merely the rendering more perfect the pro- 
pagation of the sonorous vibrations, and their meltiplication by 
resonance ; and, in fact, all the acoustic apparatus of the organ 
may be shewn to have reference to these two principles. 
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Functions of the External Ear. 


The external auditory passage influences the propagation of 
sound to the tympanum in three ways: 1, inasmuch as the 
sonorous undulations, entering directly from the atmosphere, are 
transmitted by the air in the passage immediately to the mem- 
brana tympani, and are prevented from being dispersed; 2, by 
the walls of the passage conducting the sonorous undulations 
imparted to the external ear itself, by the shortest path to the 
attachment of the inembrana tympani, and so to this membrane ; 
3, by the resonance of the column of air contained within the 
passage. 

As a conductor of undulations of air, the external auditory 
passage receives the direct undulations of the atmosphere, of 
which those that enter in the direction of its axis produce the 
strongest impression. The undulations which enter the passage 
obliquely are reflected by its parietes, and thus by reflexion 
reach the membrana tympani. By reflexion, also, the external 
meatus receives the undulations which impinge upon the concha 
of the external ear, when their angle of reflexion is such that 


' they are thrown towards the tragus. Other sonorous undula- 
tions, again, which could enter the meatus from the external air 


neither directly nor by reflexion, may still be brought into it by 
inflexion ; undulations, for instance, whose direction is that of 
the long axis of the head, and which pass over the surface of the 
ear, must, in accordance with the laws of inflexion, be bent into 
the external meatus by its margins. But the action of those 
undulations which enter the meatus directly are most intense: 
and hence we are enabled to judge of the point whence sound 
comes, by turning one ear in different directions, till it is directed 
to the point whence the vibrations may pass directly into the 
/meatus, and produce the strongest impression. 

The walls of the meatus are also solid conductors of sound ; 
‘for those vibrations which are communicated to the cartilage of 
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the external ear, and not reflected from it, are propagated by the 
shortest path through the parietes of the passage to the mem- 
brana tympani. Hence, both ears being close stopped, the sound 
of a pipe is heard more distinctly when its lower extremity 
covered with a membrane, is applied to the cartilage of the ex- 
ternal ear itself, than when it is placed in contact with the sur- 
face of the head. 

Lastly, the external auditory passage is important, inasmuch 
as the air which it contains, like all insulated masses of air, 
increases the intensity of sounds by resonance. To convince our- 
selves of this, we need only lengthen the passage by affixing to 
it another tube: every sound that is heard, even the sound of 
our own voice, is then much increased in intensity. 


The action of the cartilage of the external ear upon sonorous 
vibrations is partly to reflect them, and partly to condense and 
conduct them to the parietes of the external passage. With 
respect to its reflecting action, the concha is the most important 
part, since it directs the reflected undulations towards the 
tragus, whence they are reflected into the auditory passage. 
The other inequalities of the external ear do not promote hear- 
ing by reflection ; and, ifthe conducting power of the cartilage 
of the ear were left out of consideration, they might be regarded 
as destined for no particular use; but, receiving the impulses of 
the air, the cartilage of the external ear, while it reflects a part 
of them, propagates within itself and condenses the rest, as all 
other solid and elastic bodies would do. Thus, the sonorous 
vibrations which it receives by an extended surface are con- 
ducted by it to its place of attachment. In consequence of the 
connection of the parietes of the auditory passage with the 
solid parts of the whole head, some dispersion of the undula- 
tions will result ; but the points of attachment of the mem- 
brana tympani will receive them by the shortest path, and will 
as certainly communicate them to that membrane as the solid 
sides of a drum communicate sonorous undulations to the parch- 
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ment head, or the bridge of a musical string its vibrations to 
the string. 

Regarding the cartilage of the external ear, therefore, as a 
conductor of sonorous vibrations, all its inequalities, elevations, 
and depressions, which are useless with relation to reflexion, 
become of evident importance ; for those elevations and depres- 
sions upon which the undulations fall perpendicularly, will be 
affected by them in the most intense degree; and, in conse- 
quence of the various form and position of these inequalities, 
sonorous undulations, in whatever direction they may come, 
must fall perpendicularly upon the tangent of some one of them. 
This affords an explanation of the extraordinary form given to 
this part. 


Functions of the Middle Ear ; the Tympanum, Ossicula, and 
Fenestree. 


In animals living in the atmosphere the sonorous vibrations 
are conveyed to the auditory nerve by three different media in 
succession ; namely, the air, the solid parts of the body of the 
animal and of the auditory apparatus, and the fluid of the 
labyrinth. 

Sonorous vibrations are imparted too imperfectly from air to 
solid bodies, for the propagation of sound to the internal ear to 
be adequately effected by that means alone: yet already an 
instance of its being thus propagated has been mentioned. 

In passing from air directly into water, sonorous vibrations 
suffer also a considerable diminution of their strength ; but if a 
tense membrane exists between the air and the water, the 
sonorous vibrations are communicated from the former to the 
latter medium with very great intensity. This fact, of which 
Miiller gives experimental proof, furnishes at once an explana- 
tion of the use of the fenestra rotunda, and of the membrane 
closing it. They are the means of communicating in full inten- 
sity the vibrations of the air in the tympanum to the fluid of 
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the labyrinth. This peculiar property of membranes is the re- 
sult, not of their tenuity alone, but of the elasticity and capa- 
bility of displacement of their particles ; and it is not impaired, 
when, like the membrane of the fenestra rotunda, they are not 
impregnated with moisture. 

Sonorous vibrations are also communicated without any per- 
ceptible loss of intensity from the air to the water, when to the 
membrane forming the medium of communication there is at- 
tached a short solid body, which occupies the greater part of its 
surface, and is alone in contact with the water. This fact eluci- 
dates the action of the fenestra ovalis, and of the plate of the 
stapes which occupies it; and with the preceding fact, shews 
that both fenestra—that closed by membrane only, and the 
other with which the movable stapes is connected—transmit 
very freely the sonorous vibrations from the air to the fluid of 
the labyrinth. 

A small solid body, fixed in an opening by means of a border 
of membrane, so as to be movable, communicates sonorous vibra- 
tions, from air on one side, to water, or the fluid of the laby- 
rinth, on the other side, much better than solid media not so 
constructed. But the propagation of sound to the fluid is ren- 
dered much more perfect if the solid conductor thus occupying 
the opening, or fenestra ovalis, is by its other end fixed to the 
middle of a tense membrane, which has atmospheric air on 
both sides. 

A tense membrane is a much better conductor of the vibra- 
tions of air than any other solid body bounded by definite sur- 
faces; and the vibrations are also communicated very readily by 
tense membranes to solid bodies in contact with them. Thus, 
then, the membrana tympani serves for the transmission of 
sound from the air to the chain of auditory bones. Stretched 
tightly in its osseous ring, it vibrates with the air in the audi- 
tory passage, as any thin tense membrane will when the air 
near it is thrown into vibrations by the sounding of a tuning- 
fork or a musical string. And, from such a tense vibrating 
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membrane, the vibrations are communicated with great inten- 
sity to solid bodies which touch it at any point. If, for example, 
one end of a flat piece of wood be applied to the membrane of a 
drum while the other end is held in the hand, vibrations 
are felt distinctly when the vibrating tuning-fork is held over 
the membrane without touching it; but the wood alone, iso- 
lated from the membrane, will only very feebly propagate the 
vibrations of the air to the hand. 
The ossicula of the ear, which are represented in this experi- 
ment by the piece of wood, are the better conductors of the 
sonorous vibrations cominunicated to them, on account of being 
isolated by an atmosphere of air, and not continuous with the 
bones of the cranium; for every solid body thus isolated by a 
different medium propagates vibrations with more intensity 
through its own substance than it communicates them to the 
‘surrounding medium, which thus prevents a dispersion of the 

sound ; just as the vibrations of the air in the tubes used for 
conducting the voice from one apartment to another are pre- 

vented from being dispersed by the solid walls of the tube. 
The vibrations of the membrana tympani are transmitted, there- 
fore, by the chain of ossicula to the fenestra ovalis and fluid of the 
labyrinth, their dispersion in the tympanum being prevented by 
the difficulty of the transition of vibrations from solid to gaseous 
bodies. The membrana tympani being a tense solid body 
bounded by free surfaces, the sonorous undulations will be par- 
tially reflected at its surfaces, so as to cause a meeting of undu- 
lations from opposite directions within it ; it will therefore, by 
“resonance, increase the intensity of the vibrations communicated 
to it, and the undulations thus rendered more intense will act 
‘in their turn upon the chain of auditory bones. 

The oscillations of the membrana tympani as a whole, pro- 
sduced by very intense sounds, will, if the undulations of the air 
'fall upon the membrane in a perpendicular direction, occupy its 
*whole extent at once; but if the undulations of the air fall 
jupon it obliquely, so as to strike one part of it before the rest, 
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the movement of the membrane will commence at this point, 
and will thence extend to the other parts, like the oscillation 
which is excited near one extremity of a musical string, or at 
one limited part of the membrane ofa drum. These oscilla- 
tions, being reflected at the borders of the membrane, will tra- 
verse it to and fro. In consequence of the oblique position of 
the membrana tympani, this must always occur when the 
sonorous undulations enter the ear in the direction of the meatus 
auditorius externus,—that is, in a direction parallel with its 
axis. When the sonorous undulations enter the meatus in any 
other direction, they will be reflected backwards and forwards 
by the walls of the passage ; and it will depend on the angles 
at which they are reflected, in what manner, and at what point, 
they shall first strike upon the membrana tympani. 

The propagation of the undulations of condensation and rare- 
faction, in which the smaller particles merely of the membrane 
move, is also modified in the same way by the mode in which 
the undulations of the air strike it. The undulations of the air 
either strike every part of its surface simultaneously, or one 
point of it before the rest: in the latter case, the undulations 
communicated to the membrane are propagated in it in a deter- 
minate direction as far as its border, and then reflected back, so 
as to give rise to the crossing of undulations in the membrane. 

The necessity for the presence of air on the inner side of the 
membrana tympani to enable it and the ossicula auditus to 
fulfil the objects just described, is obvious. Without this 
provision, neither would the vibrations of the membrane be 
free, nor the chain of bones isolated, so as to propagate the 
sonorous undulations with concentration of their intensity. But 
while the oscillations of the membrana tympani are readily 
communicated to the air in the cavity of the tympanum, those 
of the solid ossicula will not be conducted away by the air, 
but will be propagated to the labyrinth without being dispersed 
in the tympanum. Equally necessary is the communication 
of the air in the tympanum with the external air through the 
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medium of the Eustachian tube for the maintenance of the 
equilibrium of pressure and temperature between them. 

The propagation of sound through the ossicula of the tym- 
panum to the labyrinth must be effected by undulations of 
condensation and rarefaction of their particles only, not by oscil- 
lations of the entire bones, even in cases where the entire mem- 
brana tympani oscillates; for, if the stapes were in its vibrations 
alternately more nearly approximated and removed from the 
labyrinth, the fluid of the latter cavity must necessarily be very 
compressible.* 

The long process of the malleus receives the undulations of 
the membrana tympani (a, a) and of the air in a direction, in- 
dicated by the arrows, nearly perpendicular to itself. From the 
long process of the malleus they are propagated to its head (0) ; 
thence into the incus (c), the long pro- 
cess of which is parallel with the long 
process of the malleus. From the long 
process of the incus the undulations 
are communicated to the stapes (d), 
which is united to the incus at mght 
angles. All these changes in the di- 
rection of the chain of bones have, 
however, no influence on that of the 
undulations, which remains the same 
as it was in the meatus externus and 
long process of the malleus, so that the 
undulations are communicated by the 
stapes to the fenestra ovalis in a per- 

pendicular direction. 


Fig. 53. 


* Eduard Weber (cxxxv. 1846) has shewn, however, that the existence of 
the membrane over the fenestra rotunda will permit of such approximation 
and removal of the stapes to and from the labyrinth. When by the stapes 
the membrane of the fenestra ovalis is pressed towards the labyrinth, the 
membrane of the fenestra rotunda may by the pressure communicated through 
the fluid of the labyrinth be pressed towards the cavity of the tympanum. 
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Increasing tension of the membrana tympani diminishes the 
facility of transition of sonorous undulations from the air to it. 
M. Savart observed that the dry membrana tympani, on the ap- 
proach of a body emitting a loud sound, rejected particles of 
sand strewn upon it more strongly when lax than when very 
tense; and inferred, therefore, that hearing is rendered less 
acute by increasing the tension of the membrana tympani. 
Miiller has confirmed this by experiments with small mem- 
branes arranged so as to imitate the membrana tympani: and 
it may be confirmed also by observation on one’s self. For the 
membrana tympani in one’s own person may be rendered tense 
at will in two ways; namely, by a strong and continued effort 
of expiration or of inspiration, while the mouth and nostrils are 
closed. In the first case, the compressed air is forced with a 
whizzing sound into the tympanum, the membrana tympani is 
made tense, and immediately hearing becomes indistinct. The 
same temporary imperfection of hearing is produced by render- 
ing the membrana tympani tense, and convex towards the in- 
terior, by the effort of inspiration. The imperfection of hear- 
ing, produced by the last-mentioned method, may continue for 
a time even after the mouth is opened, in consequence of the 
previous effort at inspiration having induced collapse of the 
walls of the Eustachian tubes, which prevents the restoration of 
equilibrium of pressure between the air within the tympanum 
and that without: hence we have the opportunity of observing 
that even our own voice is heard with less intensity when the 
tension of the membrana tympani is great. 

If the pressure of the external air or atmosphere be very 
great, while, on account of collapse of the walls of the Eusta- 
chian tube, the air in the interior of the tympanum fails to 
exert an equal counter-pressure, the membrana tympani will of 
course be forced inwards, and imperfect deafness be produced. 
Thus it may be explained why, in a diving-bell, voices sound 
faintly. In all cases, the effect of the increased tension of the 
membrana tympani is not to render both graye and acute 
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sounds equally fainter than before. On the contrary, as ob- 
served by Dr. Wollaston, the increased tension of the membrana 
tympani produced by exhausting the cavity of the tympanum, 
makes one deaf to grave sounds only. 

The principal office of the Eustachian tube, in Miiller’s 
opinion, has relation to the prevention of these effects of in- 
creased tension of the membrana tympani. Its existence and 
openness will provide for the maintenance of the equilibrium 
between the air within the tympanum and the external air, so 
as to prevent the inordinate tension of the membrana tympani 
which would be produced by too great or too little pressure on 
either side. While discharging this office, however, it will serve 
to render sounds clearer, as (Henle suggests) the apertures in 
violins do; to supply the tympanum with air; and to be an 
out-let for mucus: and the ill effects of its obstruction may be re- 
ferred to the hindrance of all these its offices, as well as of that 
ascribed to it as its principal use. 

The influence of the tensor tympani muscle in modifying 
hearing may also be probably explained in connection with the 
regulation of the tension of the membrana tympani. If, through 
reflex nervous action, it can be excited to contraction by a very 
loud sound, just as the iris and orbicularis palpebrarum muscle 
are by a very intense light, then, it is manifest that a very in- 
tense sound would, through the action of this muscle, induce a 
deadening or muffling of the ears. It is in favour of this sup- 
position that a loud sound excites by reflection nervous action, 
winking of the eyelids, and, in persons of irritable nervous sys- 
tem, a sudden contraction of many muscles. 

The influence of the stapedius muscle in hearing is unknown, 
It acts upon the stapes in such a manner as to make it rest ob- 
liquely in the fenestra ovalis, depressing that side of it on which 
it acts, and elevating the other side to the same extent. 

When the fenestra ovalis and fenestra rotunda exist together 
with a tympanum, the sound is transmitted to the fluid of the 
internal ear in two ways,—namely, by solid bodies and by mem- 
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brane ; by both of which conducting media sonorous vibrations 
are communicated to water with considerable intensity. The 
sound being conducted to the labyrinth by two paths will, of 
course, produce so much the stronger impression ; for undula- 
tions will be thus excited in the fluid of the labyrinth from two 
different though contiguous points, and by the crossing of these 
undulations, stationary waves of increased intensity will be 
produced in the fluid. Miiller’s experiments shew that the 
same vibrations of the air act upon the fluid of the labyrinth 
with much greater intensity through the medium of the chain 
of auditory bones and the fenestra ovalis, than through the 
medium of the air of the tympanum and the membrane closing 
the fenestra rotunda: but the cases of disease in which the ossi- 
cula have been lost without loss of hearing prove that sound 
may also be well conducted through the air of the tympanum 
and the membrane of the fenestra rotunda. 


Functions of the Labyrinth. 


The fluid of the labyrinth or perilymph is the most general 
and constant of the acoustic provisions of the labyrinth. In all 
forms of organs of hearing, the sonorous vibrations affect the 
auditory nerve through the medium of a fluid: and the reason 
for this provision is probably to be found in the following cir- 
cumstances. The ultimate purpose of the organ of hearing is to 
impart, as perfectly as possible, the impulses of the sonorous 
vibrations to the fibres of the auditory nerve. This nerve 
being soft, and, like all nerves, impregnated with water, 
sonorous undulations, if directly communicated to it from solid 
parts, would be partly converted into undulations of a fluid, be- 
fore producing their impression on the fibres. Besides, how- 
ever, the impregnation of the nervous fibres with water, on 
which their softness depends, all the interspaces between the 
fibres are, as in all soft tissues, filled with fluid matters, either 
blood or the fluid of cellular membrane. Hence the auditory 
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nerve, in receiving the sonorous undulations through the medium 
of the fluid of the labyrinth, receives them from a medium of 
the same kind as that which occupies all the pores and inter- 
stices of the nervous fibres themselves. On this account, the 
vibration of the particles in the nerve itself will probably be 
much more uniform in character than if the surfaces of the nerve 
had been in contact with solid parts; in which case, the more 
internal particles of the nerve, being distant from the surface of 
the solid bone, would be acted on in a different manner from 
the more superficial particles. 

The function usually ascribed to the semicircular canals is 
the collecting, in their fluid contents, the sonorous undulations 
from the bones of the cranium. They have probably, also, in 
some degree the power of conducting sounds in the direction of 
their curved cavities more easily than the sounds are carried off 
by the surrounding hard parts in the original direction of the 
undulations, though this conducting power is in them much less 
perfect than in tubes containing air. 

Admitting that they have these powers, the increased inten- 
sity of the sonorous vibrations thus attained will be of advan- 
tage in acting on the auditory nerve where it is expanded in the 
ampullz of the canals, and in the utriculus. Where the mem- 
branous canals are in contact with the solid parietes of the tubes, 
this action must be much more intense. But the membranous 
semicircular canals must have a function independent of the 
surrounding hard parts; for in the Petromyzon they are not 
separately enclosed in solid substance, but lie in one common 
cavity with the utriculus, 

The crystalline pulverulent masses in the labyrinth would 
reinforce the sonorous vibrations by their resonance, even if 
they did not actually touch the membranes upon which the 
nerves are expanded; but, inasmuch as these bodies lie in con- 
tact with the membranous parts of the labyrinth, and the vesti- 
bular nerve-fibres are imbedded in them, they communicate to 
these membranes and the nerves vibratory impulses of greater 
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intensity than the fluid of the labyrinth can impart. This ap- 
pears to be the office of the otoconia.s Sonorous undulations in 
water are not perceived by the hand itself immersed in the 
water, but are felt distinctly through the medium of a rod held 
in the hand. 

The cochlea seems constructed for the spreading out of the 
nervous fibres over a wide extent of surface, upon a solid lamina 
communicating with the solid walls of the labyrinth and cra- 
nium, at the same time that it is in contact with the fluid of 
the labyrinth ; and which, besides exposing the nervous fibres 
to the influence of sonorous undulations by two media, is itself 
insulated by fluid on either side. 

The connexion of the lamina spiralis with the solid walls of 
the labyrinth adapts the cochlea for the perception of the sonor- 
ous undulations propagated by the solid parts of the head and 
the walls of the labyrinth. The membranous labyrinth of the 
vestibule and semicircular canals is suspended free in the peri- 
lymph, and is destined more particularly for the perception of 
sounds through the medium of that fluid, whether the sonorous 
undulations are imparted to the fluid through the fenestrae, or 
by the intervention of the cranial bones, as when sounding 
bodies are brought into communication with the head or teeth. 
The spiral lamina on which the nervous fibres are expanded in 
the cochlea is, on the contrary, continuous with the solid walls 
of the labyrinth, and receives directly from them the impulses 
which they transmit. This is an important advantage ; for the 
impulses imparted by solid bodies have, ceteris paribus, a 
greater absolute intensity than those communicated by water. 
And, even when a sound is excited in the water, the sonorous 
undulations are more intense in the water near the surface of the 
vessel containing it than in other parts of the water equally dis- 
tant from the point of origin of the sound ; hence we may con- 
clude that ceteris paribus, the sonorous undulations of solid 
bodies act with greater intensity than those of water. Hence 
we perceive at once an important use of the cochlea. 
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This is not, however, the sole office of the cochlea; the spiral 
lamina, as well as the membranous labyrinth, receives sonorous 
impulses through the medium of the fluid of the labyrinth from 
the cavity of the vestibule and from the fenestra rotunda. The 
lamina spiralis is, indeed, much better calculated to render the 
action of these undulations upon the auditory nerve efficient than 
the membranous labyrinth is; for, as a solid body insulated by 
a different medium, it is capable of resonance. 

Lastly, it may be observed that the fibres of the nerve being 
spread out singly upon the lamina spiralis is advantageous, be- 
cause, in the first place, it ensures a more complete participation 
of the fibres in the impulses communicated by the solid parts of 
the cochlea ; and, secondly, the intensity with which the sonorous 
undulations are communicated to a body is proportionate to the 
extent of surface over which they can act on it. 


Sensibility of the Auditory Nerve. 


Most frequently, several undulations or impulses on the audi- 
tory nerve concur in the production of the impression of sound. 
But that a single impulse may be sufficient to excite the sensa- 
tion, we have an example in the sound produced by an explo- 
sion or the sudden division of the air, by the coming together of 
two previously separated bodies of air, as in cracking a whip, &c. 
There is, at all events, nothing to refute this opinion ; although 
it must be admitted that a single shock to the air will very 
readily excite a succession of undulations. 

By the rapid succession of several impulses at unequal inter- 
vals a noise or rattle is produced; from a rapid succession of 
several impulses at equal intervals, a musical sound results, the 
height or acuteness of which increases with the number of the 
impulses communicated to the ear within a given time. A sound 
of definite musical value is also produced when each of the im- 
pulses, succeeding each other thus at regular intervals, is itself 
compounded of several undulations, in such a way that it would 
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alone give the impression of an unmusical sound ; that is to say, 
by a sufficiently rapid succession of short unmusical sounds at 
regular intervals a musical sound is generated. 

It would appear that two impulses, which are equivalent to 
four single or half vibrations, are sufficient to produce a definite 
note audible as such through the auditory nerve. The note pro- 
duced by the shocks of the teeth of a revolving wheel at regular 
intervals upon a solid body is still heard when the teeth of the 
wheel are removed in succession until two only are left; the 
sound produced by the impulses of these two teeth has still the 
same definite value in the scale of music. 

The maximum and minimum of the intervals of successive 
impulses still appreciable through the auditory nerve as determi- 
nate sounds, have been determined by M. Savart. If their in- 
tensity is sufficiently great, sounds are still audible which result 
from the succession of 48,000 half vibrations, or 24,000 impulses 
in a second; and this, probably, is not the extreme limit in 
acuteness of sounds perceptible by the ear. For the opposite 
extreme, he has succeeded in rendering sounds audible which 
were produced by only fourteen or eighteen half vibrations, or 
seven or eight impulses, in a second ; and sounds still deeper 
might probably be heard, if the individual impulses could be 
sufficiently prolonged. 

By removing one or several teeth from the toothed wheel 
before mentioned, M. Savart was also enabled to satisfy himself 
of the fact that, in the case of the auditory nerve, as in that of 
the optic nerve, the sensation continues longer than the impres- 
sion which causes it ; for the removal of a tooth from the wheel 
produced no interruption of the sound. The gradual cessation 
of the sensation of sound renders it difficult, however, to deter- 
mine its exact duration beyond that of the impression of the 
sonorous impulses. 

The power of perceiving the direction of sounds is not a faculty 
of the sense of hearing itself, but is an act of the mind judging on 
experience previously acquired. From the modifications which 
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‘the sensation of sound undergoes according to the direction in 
which the sound reaches us, the mind infers the position of the 
‘sounding body. The only true guide for this inference is the 
‘more intense action of the sound upon one than upon the other 
ear. But even here there is room for much deception by the 
jinfluence of reflexion or resonance, and by the propagation of 
‘sound from a distance without loss of intensity through curved 
sconducting-tubes filled with air. By means of such tubes, or of 
solid conductors which convey the sonorous vibrations from their 
‘source to a distant resonant body, sounds may be made to ap- 
pear to originate in a new situation. 
The direction of sound may also be judged of by means of 
one ear only ; the position of the ear and head being varied, so 
that the sonorous undulations at one moment fall upon the ear 
in a perpendicular direction, at another moment obliquely. But 
‘when neither of these circumstances can guide us in distin- 
guishing the direction of sound, as when it falls equally upon 
both ears, its source being, for example, either directly in front 
or behind us, it becomes impossible to determine whence the 
sound comes. 
Ventriloquists take advantage of the difficulty with which 
the direction of sounds is recognised, and also of the influence 
of the imagination over our judgment, when they direct their 
voice in a certain direction, and at the same time pretend them- 
selves to hear the sounds coming from thence. 
The distance of the source of sounds is not recognised by the 
sense itself, but is inferred from their intensity. The sound 
itself is always seated but in one place, namely, in our ear ; 
but it is interpreted as coming from an exterior soniferous body. 
When the intensity of the voice is modified in imitation of the 
effect of distance, it excites the idea of its originating at a dis- 
tance; and this also is taken advantage of by ventriloquists. 
The experiments of Savart, already referred to, prove that 
the effect of the action of sonorous undulations upon the nerve 
of hearing endures somewhat longer than the period during 
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which the undulations are passing through the ear. If, how- 
ever, the impression of the same sound be very long continued, 
or constantly repeated for a long time, then the sensation pro- 
duced may continue for a very long time, more than twelve or 
twenty-four hours even, after the original cause of the sound 
has ceased. This must have been experienced by every one who 
has travelled several days continuously ; for some time after 
the journey the rattling noises are heard when the ear is not 
acted on by other sounds. 

We have here a proof that the perception of sound as sound, 
is not essentially connected with the existence of undulatory 
pulses ; and that the sensation of sound is a state of the audi- 
tory nerve, which, though it may be excited by a succession of 
impulses, may also be produced by other causes. The sensations 
of the retina remaining after the external impression of light has 
ceased, have been attributed to a retention of some of the mat- 
ter of light for a certain time by the retina, as in the absorption 
of light by dark bodies; but, in the case of the sense of hear- 
ing, such an hypothesis is evidently untenable. No irritating 
matter and no impulse can be here retained ; and, even if it be 
supposed that undulations excited by the impulse are kept up 
in the auditory nerve for a certain time, they must be undula- 
tions of the nervous principle itself, which, being excited, conti- 
nue until the equilibrium is restored. 

Corresponding to the double vision of the same object with 
the two eyes, is the double hearing with the two ears ; and ana- 
logous to the double vision with one eye, dependent on unequal 
refraction, 1s the double hearing of a single sound with one ear, 
owing to the sound coming to the ear through media of unequal 
conducting power. The first kind of double hearing is very 
rare; instances of it are recorded, however, by Sauvages 
and Itard. The second kind, which depends on the un- 
equal conducting power of two media through which the same 
sound is transmitted to the ear, may easily be experienced. If 
a small bell be sounded in water, while the ears are closed by 
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plugs and a solid conductor is interposed between the water and 
the ear, two sounds will be heard differing in intensity and 
tone; one being conveyed to the ear through the medium of the 
atmosphere, the other through the conducting-rod. 

The sense of vision may vary in its degree of perfection as 
regards either the faculty of adjustment to different distances, 
‘the power of distinguishing accurately the particles of the 
retina affected, sensibility to light and darkness, or the percep- 
tion of the different shades of colours. In the sense of hearing 
there is no parallel to the faculty by which the eye is accom- 
-modated to distance, nor to the perception of the particular part 
of the nerve affected; but just as one person sees distinctly 
only in a bright light, and another only in a moderate light, so 
in different individuals the sense of hearing is more perfect for 
sounds of different pitch : and just as a person, whose vision for 
the forms of objects, &e. is acute, nevertheless distinguishes 
colours with difficulty, and has no perception of the harmony 
and disharmony of colours, so one, whose hearing is good as far 
as regards the sensibility to feeble sounds, is sometimes deficient 
in the power of recognising the musical relation of sounds, and 
in the sense of harmony and discord ; while another individual, 

whose hearing is in other respects imperfect, has these endow- 
‘ments. The causes of these differences are unknown. 

Subjective sounds are the result of a state of irritation or ex- 
citement of the auditory nerve produced by other causes than 
‘sonorous impulses. A state of excitement of this nerve, how- 
- ever induced, gives rise to the sensation of sound. Hence the 
‘ringing and buzzing in the ears heard by persons of irritable 
and exhausted nervous system, and by patients with cerebral 
disease, or disease of the auditory nerve itself; hence also the 
/ noise in the ears heard for some time after a long journey in a 
} rattling noisy vehicle. Ritter found that electricity also excites 
} a sound in the ears. From the above truly subjective sounds 
) we must distinguish those dependent, not on a state of the au- 
ditory nerve itself merely, but on sonorous vibrations excited in 
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the auditory apparatus. Such are the buzzing sounds attendant 
on vascular congestion of the head and ear, or on aneurismal di- 
latation of the vessels. Frequently, even the simple pulsatory 
circulation of the blood in the ear is heard. To the sounds of 
this class belong also the snapping sound in the ear produced by 
a voluntary effort, and the buzz or hum heard during the con- 
traction of the palatine muscles in the act of yawning; when 
air is forced into the tympanum, so as to make tense the mem- 
brana tympani; and in the act of blowing the nose, as well as 
during the forcible depression of the lower jaw. 

Irritation or excitement of the auditory nerve is capable of 
giving rise to movements in the body, and to sensations in 
other organs of sense. In both cases it is probable that the 
laws of nervous reflection, through the medium of the brain, 
come into play. An intense and sudden noise excites, in every 
person, closure of the eyelids, and in nervous individuals a start 
of the whole body, or an unpleasant sensation like that pro- 
duced by an electric shock throughout the body, and sometimes 
a particular feeling in the external ear. Various sounds cause 
in many people a disagreeable feeling in the teeth, or a sensa- 
tion of cold trickling through the body: and, in some people, 
intense sounds are said to make the saliva collect. 

The sense of hearing may in its tun be affected by impres- 
sions on many other parts of the body; especially in diseases of 
the abdominal viscera, and in febrile affections. Here, also, 
it is probable that the central organs of the nervous system are 
the media through which the impression is transmitted. 


SENSE OF TASTE, 


The conditions for the perception of taste are:—1. the pre- 
sence of a nerve with special endowments ; 2. the irritation of 
this nerve by the sapid matters; 8. the solution of these mat- 
ters in the secretions of the organ of taste. The nerves con- 
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cerned in the production of the sense of taste have been already 
considered (p. 447). 

The mode of action of the substances which excite taste pro- 
bably consists in the production of a change in the internal 
condition of the gustatory nerves, and, according to the difference 
of the substances, an infinite variety of changes of condition, 
and consequently of tastes, may be induced. It is not, how- 
ever, necessary for the manifestation of taste that sapid sub- 
stances in solution should be brought into contact with its 
nerves. For the nerves of taste, like the nerves of other 
special senses, may have their peculiar properties excited by 
various other kinds of irritation, such as electricity and mecha- 
nical impressions. Thus Henle observed that a small current 
of air directed upon the tongue gives rise to a cool saline taste, 
like that of saltpetre ; and Dr. Baly has shewn that a distinct 
sensation of taste, similar to that caused by electricity, may 
be produced by a smart tap applied to the papille of the 
tongue. Moreover, the mechanical irritation of the fauces and 
palate produces the sensation of nausea, which is probably only 
a modification of taste. 

The matters to be tasted must either be in solution or be 


soluble in the moisture covering the tongue ; hence insoluble 


substances are usually tasteless, and produce merely sensations 
of touch. Moreover, for a perfect action of a sapid, as of an 
odorous substance, it is necessary that the sentient surface 


should be moist. Hence when the tongue and fauces are dry, 


a 


 sapid substances, even in solution, are with difficulty tasted. 


The principal, but not exclusive, seat of the sense of taste is 
the fauces and tongue. The tongue is a muscular organ whose 
use in relation to mastication and deglutition has already been 
considered (page 198). The free surface is covered with struc- 


' tures analogous to those of the skin, namely, a cutis or cortwm, 


on which are placed papillw, and which, together with them, 
is invested by epithelium. 
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The cutis is thinner and less dense than that of the skin, but 
is constructed of similar tissue, serves as a ground-work for the 
ramification of the abundant blood-vessels and nerves which 
the tongue receives, and affords insertion to the extremities of 
the muscular fibres of which the chief substance of the organ is 
composed. 

The papille of the tongue are thickly set over its whole 
upper surface, giving to it its characteristic roughness. Their 
greater prominence than those of the skin is due to their inter- 
spaces not being filled up with epithelium as the interspaces of 
the papillee of the skin are. The papille of the tongue present 
several diversities of form; but three principal varieties, dif- 
fering both in seat and general characters, may usually he dis- 
tinguished. Ist. Circwmvallate or calyciform papille, eight or 
ten in number, situate in two V-shaped lines at the base of 
the organ. These are circular elevations from j, to of an 
inch wide, each with a central depression, and surrounded by 
a circular fissure, at the outside of which again is a slightly 
elevated ring; both the central elevation and the ring being 
formed of close-set simple papillae. 2nd. Lungiform papille, 
scattered chiefly over the sides and tip, and sparingly over the 
middle of the dorsum, of the tongue; their name is derived from 
their being usually narrower at their base than their summit. 
These also consist of groups of simple papillee, each of which 
contains in its interior a loop of capillary blood-vessels, and 
a nerve-fibre. 3rd. Conical or filiform papille: these, which 
are the most abundant, are scattered over the whole surface, 
but especially over the middle of the dorsum. Their name 
denotes their shape. 

The epithelium of the tongue is of the tessellated kind, like 
that of the epidermis (p. 804). It covers every part of the sur- 
faee, but over the fungiform papillee forms a thinner layer than 
elsewhere, so that these papillee stand out more prominently 
than the rest. The epithelium covering the conical papille has 
been shewn by Todd and Bowman (xxxix. vol. i. p. 439), to 
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have a singular arrangement; being extremely dense and thick, 
and projecting from their sides and summits in the form of 
long, stiff, hair-like processes. Many of these processes bear a 
close resemblance in structure to hairs, and some actually con- 
tain minute hair-tubes. 

Each of the three varieties of papilla just described have 
been commonly regarded as simple processes, like the papille of 
the skin, but Todd and Bowman have shewn that the surface 
of each is studded by minute conical processes of mucous mem- 
brane, which thus form secondary papille. These secondary 
papille also occur over most other parts of the tongue, not 
occupied by the compound papillae. They are commonly 
buried beneath the epithelium; hence have been hitherto 

overlooked. 

Such, in outline, is the structure of the sensitive surface of 
the tongue. But the tongue is not the only seat of the sense 
of taste, for the results of experiments as well as ordinary expe- 
‘rience shew that the soft palate and its arches, the uvula, ton- 
tsils, and probably the upper part of the pharynx are endowed 
‘with taste. These parts, together with the base and posterior 
jpart of the tongue, are supplied with branches of the glosso- 
jpharyngeal nerve, and evidence has been already adduced 
\(p. 446) that the sense of taste is conferred upon them by this 
nerve. 

In most, though not in all, persons the anterior part of the 
tongue, especially the edges and tip, are supplied with taste. 
The middle of the dorsum is only feebly endowed with this 
sense, probably because of the density and thickness of the 
pithelium covering the filiform papille of this part of the 
‘tongue, which will prevent the sapid substances from penetra- 
iting to their sensitive parts. The use of these papill is, there- 
ffore, probably less for taste than for mechanical purposes in the 
ct of mastication. The gustatory property of the anterior 
art of the tongue is due, as already said (p. 437, 446) to the 
Hingua branches of the fifth nerves. 


| 
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Besides the sense of taste, the tongue, by means also of its 
papilla, is endued, especially at its sides and tip, with a very 
delicate and accurate sense of touch, which renders it sensible 
of the impressions of heat and cold, pain, and mechanical pres- 
sure, and consequently of the form of surfaces. The tongue may 
lose its common sensibility, and still retain the sense of taste, 
and vice versd. ‘This fact renders it probable that, although the 
senses of taste and of touch may be exercised by the same 
papillee supplied by the same nerves, yet the nervous conductors 
for these two different sensations are distinct, just as the nerves 
for smell and common sensibility in the nostrils are distinct ; 
and it is quite conceivable that the same nervous trunk may 
contain fibres differing essentially in their specific properties. 
Facts already detailed (p. 446) seem to prove that the lingual 
branch of the fifth nerve is the seat of sensations of taste in 
the anterior part of the tongue: and it is also certain, from 
the marked manifestations of pain to which its division in ani- 
mals gives rise, that it is likewise a nerve of common sensibility. 
The glosso-pharyngeal also seems to contain fibres both of com- 
mon sensation and of the special sense of taste. 

The concurrence of common and special sensibility in the same 
part makes it sometimes difficult to determine whether the im 
pression produced by a substance is perceived through ordinar 
sensitive fibres, or through those of the sense of taste. In man 
cases, indeed, it is probable that both sets of nerve-fibres ar 


concerned, as when irritating acrid substances are introduce 
into the mouth. 

The impressions on the mind leading to the perception 0 
taste seem to result, as already said, from certain changes in th 
internal condition of the nerves produced by the contact of sapic 
substances with the papille in which the fibres of these nerve 
are distributed. This explanation, obscure though it be, ma 
account generally for the sense ; but the variations of taste pro 
duced by different substances are as yet inexplicable. In th 
case of hearing, we know that sounds differ from one anothe 
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according to the differences in the number of undulations 
producing them ; and in the case of vision it is reasonably 
inferred that different colours result from differences in the 
number of undulations, or in the rate of transit, of the im- 
ponderable principle of light. But, in the cases of taste and 
smell, no such probable explanation has yet been offered. It 
would appear, indeed, from the experiments of Horn (cLxxiii.), 
that while some substances taste alike in all regions of the 
tongue’s surface, others excite different tastes, according as they 
are applied to different papillae of the tongue. This observa- 
tion, if confirmed, would seem to shew that, in some cases at 
least, different fibres are capable of receiving different impres- 
sions from the same sapid substance. 

Much of the perfection of the sense of taste is often due to 
the sapid substances being also odorous, and exciting the simul- 
taneous action of the sense of smell. This is shewn by the im- 
perfection of the taste of such substances when their action on 
the olfactory nerves is prevented by closing the nostrils. Many 
fine wines lose much of their apparent excellence if the nostrils 
are held close while they are drunk. 

Very distinct sensations of taste are frequently left after the 
substances which excited them have ceased to act on the nerve; 
and such sensations often endure for a long time, and modify 
the taste of other substances applied to the tongue afterwards. 
Thus, the taste of sweet substances spoils the flavour of wine, 
the taste of cheese improves it. There appears, therefore, to 
exist the same relation between tastes as between colours, of 
which those that are opposed or complementary render each 
other more vivid, though no general principles governing this 
relation have been discovered in the case of tastes. In the art 
of cooking, however, attention has at all times been paid to the 
consonance or harmony of flavours in their combination or order 
of succession, just as in painting and music the fundamental 
principles of harmony have been employed empyrically while 


_ the theoretical laws were unknown. 
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Frequent and continued repetition of the same taste renders 
the perception of it less and less distinct, in the same way that 
a colour becomes more and more dull and indistinct, the longer 
the eye is fixed upon it. Thus, after frequently tasting first 
one and then the other of two kinds of wine, it becomes 
impossible to discriminate between them. 

The simple contact of a sapid substance with the surface of 
the gustatory organ seldom gives rise to a distinct sensation of 
taste ; it needs to be diffused over the surface and brought into 
intimate contact with the sensitive parts by compression, frie- 
tion, and motion between the tongue and palate. 

The sense of taste seems capable of being excited also by 
internal causes, such as changes in the conditions of the nerves 
or nervous centres produced by congestion or other causes which 
excite subjective sensations in the other organs of sense. But, 
little is known of the subjective sensations of taste ; for it is 
difficult to distinguish the phenomena from the effects of ex- 
ternal causes, such as changes in the nature of the secretions 
of the mouth. 


SENSE OF TOUCH. 


The sense of touch is not confined to particular parts of the 
body of small extent, like the other senses ; on the contrary, all 
parts capable of perceiving the presence of a stimulus by ordi- 
nary sensation are, in various degrees, the seat of this sense; 
for touch is simply a modification or exaltation of common 
sensation or sensibility. The nerves on which the sense of 
touch depends are, therefore, the same as those which confer 
ordinary sensation on the different parts of the body, viz.. the 
posterior ganglionic roots of the nerves of the spinal cord and 
the sensitive cerebral nerves. 

But, although all parts of the body supplied with sensitive 
nerves are thus, in some degree, organs of touch, yet the sense 
is exercised in perfection in only those parts the sensibility of 
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which is extremely delicate, e. g., the skin, the tongue, and 
the lips, which are provided with abundant papilla. 
The structure of the tongue and of its papille has been al- 
ready considered. A general account has also been given of the 
structure of the skin and of its functions as an organ for excre- 
tion and absorption (p. 520); its peculiarities as a sensitive in- 
‘tegument, and especially as an organ of touch, have now to be 
considered. By means of its toughness, flexibility, and elasticity, 
the skin is eminently qualified to serve as the general integu- 
ment of the body, for defending the internal parts from external 
violence, and readily yielding and adapting itself to their various 
movements and changes of position. But, from the abundant 
supply of sensitive nerve-fibres which it receives, it is enabled 
to fulfil a not less important purpose in serving as the principal 
organ of the sense of touch. The entire surface of the skin is 
extremely sensitive, but its tactile properties are due, chiefly 
to the abundant papille with which it is studded. These 
papilla have already been described as conical elevations of the 
-corion, more prominent and more densely set at some parts than 
at others (p. 320). The parts on which they are most abundant 
-and most prominent are the palmar surface of the hands and 
fingers, and the soles of the feet—parts, therefore, in which the 
sense of touch is most acute. Over other parts of the skin they 
-are more or less thinly scattered, and are scarcely elevated above 
the surface. Their average length is about ;joth of an inch, and 
at their base they measure about y);th of an inch in diameter, 
Each papilla is abundantly supplied with blood, receiving from 
the vascular plexus in the cutis one or more minute arterial 
twigs, which divide into capillary loops in its substance, and 
‘then reunite into a minute vein, which passes out at its base. 
‘The abundant supply of blood which the papillee thus receives 
‘explains the turgescence or kind of erection which they undergo 
‘when the circulation through the skin is active. Each papilla 
contains also a terminal nerve-fibre, on which its exquisite 
‘sensibility depends. ‘The mode in which this fibre terminates, 
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whether by a loop or by a free extremity, or, after parting with 
its external white substance, by being lost in the tissue of the 
papille, has still to be ascertained. The blood-vessels and ter- 
minal nerve-fibres, are distributed, in a kind of fibrous structure, 
which gives to the papille its form and a certain degree of 
firmness. 

Although destined especially for the sense of touch, the pa- 
pillz are not so placed as to come into direct contact with ex- 
ternal objects, but, like the rest of the surface of the skin, are 
covered by one or more layers of epithelium, forming the cuticle 
or epidermis (p. 323.) The papilla adhere very intimately to 
the cuticle, which is thickest in the spaces between them, but 
tolerably level on its outer surface: hence, when stripped off 
from the cutis, as after maceration, its internal surface presents 
a series of pits and elevations corresponding to the papille and 
their interspaces, of which it thus forms a kind of mould. Be- 
sides affording by its impermeability a check to undue evapora- 
tion from the skin, and providing the sensitive cutis with a pro- 
tecting investment, the cuticle is of service in relation to the 
sense of touch. For, by being thickest in the spaces between 
the papillee, and only thinly spread over the summits of these 
processes, it may serve to subdivide the percipient surface of 
the skin into a number of isolated points, each of which is 
capable of receiving a distinct impression from an external body. 
By covering the papilla it renders the sensation produced by 
external bodies more obtuse, and in this manner also is sub- 
servient to touch: for unless the very sensitive papilla were 
thus defended, the contact of substances would give rise to pain, 
instead of the ordinary impressions of touch. This is shewn in 
the extreme sensitiveness and loss of tactile power in a part 
of the skin when deprived of its epidermis. If the cuticle 
is very thick, however, as on the heel, touch becomes imper- 
fect, or is lost, through the inability of the tactile papillee to 


receive impressions through the dense and horny layer covering 
them. 
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The sensations of the common sensitive nerves have as pecu- 
liar a character as those of any other organ of sense. ‘The 
sense of touch renders us conscious of the presence of a stimu- 
lus, from the slightest to the most intense degree of its action, 
neither by sound, nor by light, nor by colour, but by that inde- 
scribable something which we call feeling, or common sensation. 
The modifications of this sense often depend on the extent of 
the parts affected. The sensation of pricking, for example, in- 
forms us that the sensitive particles are intensely affected in a 
small extent; the sensation of pressure indicates a slighter affec- 
tion of the parts in a greater extent, and to a greater depth. 
It is by the depth to which the parts are affected, that the feel- 
ing of pressure is distinguished from that of mere contact. 

By the sense of touch the mind is made acquainted with the 
size, form, and other external characters of bodies. And in 
order that these characters may be easily ascertained the sense 
of touch is especially developed on those parts which can be 
readily moved over the surface of bodies. Touch, in its more 
limited sense, or the act of examining a body by the touch, con- 
sists merely in a voluntary employment of this sense combined 
with movement, and stands in the same relation to the sense of 
touch or common sensibility, generally, as the act of seeking, 
following, or examining odours, does to the sense of smell. 
Every sensitive part of the body which can, by means of move- 
ment, be brought into different relations of contact with ex- 
ternal bodies, is an organ of “touch.” No one part, conse- 
quently, has exclusively this function. The hand, however, is 
best adapted for it, by reason of its peculiarities of structure,— 
namely, its capability of pronation and supination, which en- 
ables it, by the movement of rotation, to examine the whole 
circumference of a body; the power of opposing the thumb to 
the rest of the hand; and the relative mobility of the fingers, 

In forming a conception of the figure and extent of a surface, 
the mind multiplies the size of the hand or fingers used in the 
inquiry by the number of times which it is contained in the 
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surface traversed ; and by repeating this process with regard to 
the different dimensions of a solid body, acquires a notion of its 
cubical extent. 

The perfection of the sense of touch on different parts of the 
surface is proportioned to the power which such parts possess of 
distinguishing and isolating the sensations produced by two 
points placed close together. This power depends, at least in 
part, on the number of primitive nerve-fibres distributed to the 
part ; for the fewer the primitive fibres which an organ receives, 
the more likely is it that several impressions on different con- 
tiguous points will act on only one nervous fibre, and hence be 
confounded, and perhaps produce but one sensation. Experi- 
ments to determine the tactile properties of different parts of the 
skin, as measured by this power of distinguishing distances, 
were made by E. H. Weber. The experiments consisted in 
touching the skin, while the eyes were closed, with the points 
of a pair of compasses sheathed with cork, and in ascertaining 
how close the points of the compasses might be brought to each 
other and still be felt as two bodies. He examined in this 
manner nearly every part of the surface of the body, and has 
given tables shewing the relative degrees of sensibility of differ- 
ent parts. Experiments of a similar kind have been performed 
also by Valentin (iv. vol. ii. p. 566): and, among the numerous 
results obtained by both these investigators, it appears that the 
extremity of the third finger and the point of the tongue are the 
parts most sensitive; a distance of as little as half a line being 
here distinguished. Next in sensitiveness to these is the 
mucous surface of the lips, which can perceive the two points of 
the compass when separated to the distance of about a line and 
a half: on the dorsum of the tongue they require to be sepa- 
rated two lines. The parts in which the sense of touch is least 
acute are the neck, the middle of the back, the middle of the 
arm, and the middle of the thigh, on which the points of the 
compass have to be separated to the distance of thirty lines to 
be perceived as distinct points (Weber). Other parts of the 
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body possess various degrees of sensibility intermediate between 
the above extremes, (For Weber's table see xxxii. p. 752 ; for 
Valentin’s, iv. vol. ii. p. 566.) 

A sensation in a part endowed with touch appears to the 
mind to be, caterts paribus, more intense when it is excited 
in a large extent of surface than when it is confined to a small 
space. The temperature of water, into which he dipped his 
whole hand, appeared to Weber to be higher than that of 
water of really higher temperature, in which he immersed only 
one finger of the other hand. Similar observations may be 
made by persons bathing in warm or cold water. 

Part of the ideas which we obtain of the conditions of exter- 
nal bodies is derived through the peculiar sensibility with 
which muscles are endowed—the sensibility by which we are 
made acquainted with their position, and the degree of their 
contraction. By this sensation we are enabled to estimate the 
degree of force exerted in resisting pressure or in raising weights. 
The estimate of weight by muscular effort is more accurate 
than that by pressure on the skin, according to Weber, who 
states that by the former a difference between two weights 
may be detected when one is only one-twentieth or one-fifteenth 
less than the other. It is not the absolute, but the relative, 
amount of the difference of weight which we have thus the 
faculty of perceiving. 

It is not, however, certain that our idea of the amount of 
muscular force used is derived solely from sensation in the 
muscles. We have the power of estimating very accurately 
beforehand, and of regulating, the amount of nervous influence 
necessary for the production of a certain degree of movement. 
When we raise a vessel, with the contents of which we are not 
acquainted, the force we employ is determined by the idea we 
have conceived of its weight. If it should happen to contain 
some very heavy substance, as quicksilver, we shall probably 
let it fall ; the amount of muscular action, or of nervous energy, 
which we had exerted, being insufficient. The same thing 
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occurs sometimes to a person descending stairs in the dark; he 
makes the movement for the descent of a step which does not 
exist. It is possible that in the same way the idea of weight 
and pressure in raising bodies, or in resisting forces, may in part 
arise from a consciousness of the amount of nervous energy 
transmitted from the brain, rather than from a sensation in the 
muscles themselves. The mental conviction of the inability 
longer to support a weight must also be distinguished from the 
actual sensation of fatigue in the muscles. 

So, with regard to the ideas derived from sensations of touch 
combined with movements, it is doubtful how far the conscious- 
ness of the extent of muscular movement is obtained from sen- 
sations in the muscles themselves. The sensation of movement 
attending the motions of the hand is very slight ; and persons 
who do not know that the actions of particular muscles is 
necessary for the production of given movements do not suspect 
that the movement of the fingers, for example, depends on an 
action in the forearm. The mind has, nevertheless, a very de- 
finite knowledge of the changes of position produced by move- 
ments; and it is on this that the ideas which it conceives of 
the extension and form of a body are in great measure founded. 


In order that an impression made on a sensitive surface may 
be perceived, it is necessary that there should exist a reciprocal 
influence between the mind and the sense of touch, for, if the 
mind does not thus co-operate, the organic conditions for the 
sensation may be fulfilled, but it remains unperceived. More- 
over, the distinctness and intensity of a sensation in the nerves 
of touch depends in great measure on the degree in which the 
mind co-operates for its perception. A painful sensation be- 
comes more intolerable the more the attention is directed to it: 
thus, a sensation in itself inconsiderable, as an itching in a very 
small spot of the skin, may be rendered very troublesome and 
enduring. 

As eyery sensation is attended with an idea, and leaves behind 
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it an idea in the mind which can be reproduced at will, we are 
enabled to compare the idea of a past sensation with another sen- 
sation really present. Thus we can compare the weight of one 
body with another which we have previously felt, of which the 
idea is retained in our mind. Weber was, indeed, able to dis- 
tinguish in this manner between temperatures experienced one 
after the other better than between temperatures to which the 
two hands were simultaneously subjected. This power of com- 
paring present with past sensations diminishes, however, in pro- 
portion to the time which has elapsed between them. 

The after-sensations left by impressions on nerves of common 
sensibility or touch are very vivid and durable. As long as the 
condition into which the stimulus has thrown the organ endures, 
the sensation also remains, though the exciting cause should 
have long ceased to act. Both painful and pleasurable sensations 
afford many exaniples of this fact. 

The law of contrast, which we have shewn to modify the sen- 
sations of vision (p. 543), prevails here also, After the body 
has been exposed toa warm atmosphere, a degree of temperature 
very little lower, which would under other circumstances be 
warm, produces the sensation of cold ; and a sudden change to 
the extent of a few degrees from a cold temperature to a warm 
one, will produce the sensation of warmth. Heat and cold are, 
therefore, relative terms; for a particular state of the sentient 
organ causes what would otherwise be warmth to appear cold. 
So, also, a diminution in the intensity of a long-continued pain 
gives pleasure, even though the degree of pain that remains 
would in the healthy state have seemed intolerable. 

Subjective sensations, or sensations dependent on internal 
causes, are in no sense more frequent than in the sense of touch. 
All the sensations of pleasure and pain, of heat and cold, of 
lightness and weight, of fatigue, &c., may be produced by inter- 
nal causes. Neuralgic pains, the sensation of rigor, formication 
or the creeping of ants, and the states of the sexual organs occur- 
ring during sleep, afford striking examples of subjective sensations. 
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The mind, also, has a remarkable power of exciting sensations 
in the nerves of common sensibility; just as the thought of the 
nauseous excites sometimes the sensation of nausea, so the idea 
of pain gives rise to the actual sensation of pain in a part pre- 
disposed to it. The thought of anything horrid excites the sen- 
sation of shuddering ; the feelings of eager expectation, of pathe- 
tie emotion, of enthusiasm, excite in some persons a sensation 
of “concentration ” at the top of the head, and of cold trickling 
through the body; fright causes sensations to be felt in many 
parts of the body; and even the thought of tickling excites that 
sensation in individuals very susceptible of it, when they are 
threatened with it by the movements of another person. These 
sensations from internal causes are most frequent in persons of 
excitable nervous systems, such as the hypochondriacal and the 
hysterical, of whom it is usual to say that their pains are 
imaginary. If by this is meant that their pains exist in their 
imagination merely, it is certainly quite incorrect. Pain is never 
imaginary in this sense ; but is as truly pain when arising from 
internal as from external causes; the idea of pain only can be 
unattended with sensation, but of the mere idea no one will 
complain. Still, it is quite certain that the imagination can 
render pain that already exists more intense, and can excite it 
when there is a disposition to it. 
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CHAPTER XIX. 


GENERATION AND DEVELOPMENT. 


Tue several organs and functions of the human body, which 
have been considered in the previous chapters, have relation 
to the individual being. We have now to consider these organs 
and functions which are destined for the propagation of the spe- 
cies. These comprise the several provisions made for the for- 
mation, impregnation, and development of the ovum, from 
which the embryo or foetus is produced and gradually perfected 
into a living human being. 

The organs concerned in effecting these objects are named 
the generative organs, or sexual apparatus, since part belong to 
the male and part to the female sex. 


Generative Organs of the Female. 


The female organs of generation consist of two Ovaries for the 
formation of ova; of a Fallopian tube or oviduct, connected 
with each ovary, for the purpose of conducting the mature ovum 
to the uterus or cavity in which, if impregnated, it is retained 
until the embryo is fully developed and fitted to maintain its 
existence independent of internal connection with the parent ; 
and, lastly, of a passage, or vagina, with its appendages for 
the reception of the male generative organ in the act of copu- 
lation. 

The ovaries are two oval compressed bodies, situated in the 
cavity of the pelvis, one on each side, enclosed in the folds of 
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the broad ligament. Each ovary is attached to the uterus by 
a narrow fibrous cord (the ligament of the ovary), and, more 
slightly, to the Fallopian tube by one of the fimbriz into which 
the walls of the extremity of the tube expand, The ovary is 
enveloped by a capsule of dense fibro-cellular tissue, which again 
is surrounded by peritoneum. The internal structure of the 
organ consists of a peculiar soft fibrous tissue or stoma, abun- 
dantly supplied with blood-vessels, and having imbedded in it, 
in various stages of development, numerous minute follicles or 
vesicles, the Graajian vesicles, or sacculi containing the ova, 
A further account of the Graafian vesicles and of their contained 
ova will be presently given. 

The fallopian tubes are about four inches in length, and ex- 
tend between the ovaries and the upper angles of the uterus. 
At the point of attachment to the uterus the Fallopian tube is 
very narrow, but in its course to the ovary it increases to about 
a line and a half in thickness ; at its distal extremity, which 
is free and floating, it bears a number of fimbric, one of which, 
longer than the rest, is attached to the ovary. The canal by 
which each Fallopian tube is traversed is narrow, especially at 
its point of entrance into the uterus, at which it will scarcely 
admit a bristle; its other extremity is wider, and opens into 
the cavity of the abdomen, surrounded by the zone of fimbrie. 
Externally, the Fallopian tube is invested with peritoneum ; 
internally, its canal is lined with mucous membrane covered 
with ciliary epithelium (p. 471): between the peritoneal and 
mucous coat the walls are composed of fibrous tissue similar to 
that of the uterus. 

The uterus is a somewhat pyriform, fibrous organ, with a 
central cavity lined with mucous membrane. In the unimpreg- 
nated state it is about three inches in length, two in breadth at 
its upper part or fundus, but at its lower pointed part or neck, 
only about half an inch. The part between the fundus and 
neck is termed the body of the uterus: it is about an inch in 
thickness. The walls of the organ are composed of dense fibro- 
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cellular tissue, which in the unimpregnated state are developed 
into fibres of organic muscle.* The cavity of the uterus 
corresponds in form to that of the organ itself: it is very 
small in the unimpregnated state; the sides of its mucous sur- 
faces being almost in contact, and probably only separated 
from each other by mucus. Into its upper part, at each side, 
opens the canal of the corresponding Fallopian tube: below it 
communicates with the vagina by a fissure-like opening in its 
neck, the os uteri, the margins of which are distinguished into 
two lips, an anterior and posterior. At the mucous membrane 
of the cervix are found several mucous follicles, termed Ovula 
or glandule Nabothi: they probably form the jelly-like sub- 
stance by which the os uteri is usually found closed. 

The vagina is a membranous canal, six or eight inches long, 
extending obliquely downwards and forwards from the neck of 
the uterus, which it embraces, to the external organs of genera- 
tion. It is lined with mucous membrane, which in the ordi- 
nary contracted state of the canal is thrown into transverse 
folds. External to the mucous membrane the walls of the 
vagina are constructed of fibro-cellular tissue, within which, 
especially around the lower part of the tube, is a layer of 
erectile tissue. The anterior extremity of the vagina is em- 
braced by an orbicular muscle, the constrictor vagin ; its ex- 
ternal orifice is, in the virgin, partially closed by a fold or ring 
of mucous membrane, termed the hymen. The external organs 
of generation consist of the clitoris, a small elongated body, 
situated above and in the middle line, and constructed, like the 
male penis, of two erectile corpora cavernosa, and surmounted 
by an imperforate glans and prepuce ; of two folds of mucous 
membrane, termed Jabia interna or nymphe ; and in front of 
these, two other folds, the labia externa or pudenda, formed of 
the external integument, and lined internally by mucous mem- 


* For an account of the arrangement of the fibres of the uterus see xxxvi. 
Jan, 1845. 
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brane. Between the nymph and beneath the clitoris is an 
angular space, termed the vestibule, at the centre of whose base 
is the orifice of the meatus urinarius. Numerous mucous fol- 
licles are scattered beneath the mucous membrane, composing 
these parts of the external organs of generation ; and the side 
of the fore part of the vagina, two larger lobulated glands, 
named vulvo-vaginal, or Duvernoy’s glands, which are ana- 
logous to Cowper’s glands in the male. 


Having given this general outline of the several parts which, 
in the female, contribute to the reproduction of the species, it 
will now be necessary to examine successively the formation, 
discharge, impregnation, and development of the ovum, to 
which these several parts are subservient. 


Unimpregnated Ovum. 


If the structure and formation of the human ovary be ex- 
amined at any period between early infancy and advanced age, 
but especially during that period of life in which the power of 
conception exists, it will be found to contain on an average 
from fifteen to twenty small vesicles or membranous sacs of 
various sizes: these have been already alluded to as the follicles 
or vesicles of De Graaf, the anatomist who first accurately de- 
scribed them. At their first formation, the Graafian vesicles 
are small and deeply-seated in the substance of the ovary; but 
as they increase in size, they make their way towards the 
surface ; and when mature they form little prominences on the 
exterior of the ovary covered only by the peritoneum. Each 
follicle is formed with an external membranous envelope com- 
posed of fine fibro-cellular tissue, and connected with the sur- 
rounding stroma of the ovary by networks of blood-vessels 
(fig. 54). This envelope or tunic is lined with a layer of 
nucleated cells, forming a kind of epithelium or internal tunic, 
and named membrana granulosa. The eavity of the follicle 
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is filled with an albuminous fluid in which microscopic gra- 
nules float ; and it contains also the ovwm or ovule. The ovum is 
aminute spherical body situated, 

in immature follicles, near their Fig. 54.* 

centre ; but in those nearer ma- 
turity, in contact with the mem- 
brana granulosa, at that part of 
the follicle which forms a pro- 
minence on the surface of the 
ovary. The cells of the mem- 
brana granulosa are at that point 
more numerous than elsewhere, 
and are heaped around the ovum forming a kind of granular 


zone, the discus proligerus (fig. 54). 

In order to examine an ovum, one of the Graafian vesicles, it 
matters not whether it be of small size or arrived at maturity, 
should be pricked and the contained fluid received upon a piece 
of glass. The ovum then, being found in the midst of the fluid 
by means of a simple Jens, may be further examined with 
higher microscopic powers. Owing to its globular form, how- 
ever, its structure cannot be seen until it is subjected to gentle 
pressure. 

The human ovum is extremely small, measuring, according 
to Bischoff, from 5}, to 7, of an inch. Its external investment 
is a transparent membrane, about 355 of an inch in thickness, 
which, under the microscope, appears as a bright ring (fig. 55), 
bounded externally and internally by a dark outline: it is 
ealled the zona pellucida, or vitelline membrane, and corre- 
sponds with the chorion of the impregnated ovum, It adheres 
externally to the heap of cells constituting the discus proligerus, 


* Fig. 54. Section of the Graafian vesicle of a Mammal, after Von Baer, 
1. Stroma of the ovary with blood-vessels, 2. Peritonteum. 8 and 4, 
Layers of the external coat of the Graafian vesicle. 5. Membrana granulosa, 
6. Fluid of the Graafian vesicle. 7, Granular zone or discus proligerus, con- 
taining the ovum (8), 
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Within this transparent investment or zona pellucida, and 
usually in close contact with it, 
lies the yelk, or vitellus, which 
is composed of granules and 
globules of various sizes, im- 
bedded in a more or less fluid 
substance. The smaller gra- 
nules, which are the more nu- 
merous, resemble in their ap- 


Fig. 55. 


pearance as well as their con- 
stant motion, pigment granules. 
The larger granules or globules, which have the aspect of 
fat globules, are in greatest number at the periphery of the yelk. 
The number of the granules is, according to Bischoff, greatest in 
the ova of carnivorous animals. In the human ovum their 
quantity is comparatively small. 

The substance that combines the globules and granules of the 
yelk is, in many animals, quite fluid. The yelk then complete- 
ly fills the cavity of the zona pellucida, and escapes in a liquid 
form when that membrane is ruptured: but in ova of the 
human subject and some other animals the yelk is much more 
consistent, and sometimes escapes as a solid globular mass when 
the zona pellucida is torn. It is, according to Bischoff, solely 
owing to this firm consistence of the yelk that it, in many 
cases, preserves its form when a watery fluid passes by imbibi- 
tion through the zona pellucida, and that an interval is then 
apparent between the yelk and that membrane. From the ap- 
pearances resulting from the action of water on the ovum, and 
from other circumstances, it has been thought that the mass 
composing the yelk is surrounded by another membrane within 
the zona pellucida, but the evidence for such a view is not 
satisfactory (see cLxxiv. p. 34). 

* Fig. 55. Ovum of the sow, after Barry. 1. Germinal spot. 2, Ger- 
minal vesicle. 38, Yelk. 4. Zona pellucida. 5. Discus proligerus, 6, Ad- 
herent granules or cells. 
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In the substance of the yelk is imbedded the germinal ve- 
sicle, or vesicula germinativa (figs. 55, 56). This vesicle is of 
greatest relative size in the smallest ova, and is in them sur- 
rounded closely by the yelk, nearly in the centre of which it 
lies. During the development of the ovum, the germinal vesicle 


Fig. 56.* 


increases in size much less rapidly than the yelk, and comes to 
be placed near to its surface. In a mature ovum of the rabbit 
it is about one-sixtieth of a line in diameter (Bischoff) ; its size 
in the human ovum has not yet been ascertained, owing to the 
difficulty of isolating it. It consists of a fine, transparent, strue- 
tureless membrane, containing a clear watery fluid, in which 
are sometimes a few granules. 

At that part of the periphery of the germinal vesicle which is 
nearest to the periphery of the yelk is situated the germinal 
spot, a finely granulated substance, of a yellowish colour, strong- 
ly refracting the rays of light, and measuring, in the Mammalia 
generally, from yhp to z}, of an inch (Wagner). 

* Fig. 56. Diagram of a Graafian vesicle, containing an ovum. 1. Stroma 
or tissue of the ovary. 2 and 3. External and internal tunics of the Graafian 
vesicle, 4, Cavity of the vesicle. 5. Thick tunic of the ovum or yelk-sac, 
6. The yelk, 7, The germinal vesicle. 8, The germinal spot. 
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Such are the parts of which the Graafian follicle and its con- 
tents, including the ovum, are composed. The adjoining diagram 
represents them in their relative positions when mature. 

It remains still to say something of the mode of development 
of, and subsequent changes in, these several parts ; especially in 
relation to the questions whether the Graafian vesicle is the im- 
mediate formative organ of the ovum; in what order the se- 
veral parts of the ovum are formed; and the changes which they 
undergo in the progress of the ovum to maturity. 

The first question may be answered in the affirmative, for 
the researches of Valentin and Bischoff have shewn that the 
Graafian vesicle is formed previous to the ovum, which is subse- 
quently developed in it. Bischoff and Barry agree that the 
development of the Graafian vesicles and ova continues unin- 
terruptedly from birth to the end of the fruitful period of 
woman’s life. In some animals, as the cow and sow, it com- 
mences in the embryo, even at an early period of uterine exist- 
ence, but in the dog and rabbit not till after birth. Bischoff 
describes the process of formation of the Graafian vesicles and 
ova to be as follows :—At first nothing can be distinguished 
in the substance of the ovary but primary cells and nuclei of 
cells ; then round groups of similar cells are seen scattered in 
large numbers through the stroma. The peripheral cells of 
each of these groups subsequently coalesce, so as to form a 
homogeneous transparent vesicular membrane, while the por- 
tion of the mass within becomes fluid. Thus is formed the 
Graafian vesicle. On the inner wall of this follicle or vesicle 
new cells are formed in the manner of an epithelial layer, while 
the cavity is found to contain a transparent fluid with nuclei of 
cells and granules, exactly resembling yelk-granules suspended 
in it. The next stage is marked by the appearance of a second 
smaller transparent vesicle within the Graafian vesicle. This 
second vesicle, which is the germinal vesicle, has a nucleus, the 
germinal spot. Granules, similar to yelk-granules, soon accu- 
mulate around the germinal vesicle; but the further steps in 
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the development of the ovum could not be traced. All its parts 
were completely formed when Bischoff next observed it. A 
somewhat different account is given by Valentin (Lxxx. 1838) 
of the mode in which the Graafian vesicle is developed, but he 
agrees with Bischoff that it is formed previous to the ovum. 

With regard to the parts of the ovum first formed it appears 
certain that the formation of the germinal vesicle precedes that 
of the yelk and zona pellucida, or vitelline membrane. Whe- 
ther the germinal spot is formed first, and the germinal vesicle 
afterwards developed around it, cannot be decided in the case of 
vertebrate animals ; but some recent observations of Kolliker 
and Bagge on the development of the ova of intestinal worms 
shew that in these animals, the first step in the process is the 
production of round bodies resembling the germinal spots of ova, 
the germinal vesicles being subsequently developed around these 
in the forrn of transparent membranous cells. 

The more important changes that take place in the ovum 
subsequent to the formation of these, its essential component 
parts, consist in alterations of the size and position of these 
parts with relation to each other, and of the ovum itself with 
relation to the Graafian vesicle, and in the more complete 
elaboration of the yelk. The earlier the stage of development 
the larger is the germinal vesicle in relation to the whole ovum, 
and the ovum in relation to the Graafian vesicle. For, as the 
ovum becomes mature, although all these parts increase in size, 
the Graafian vesicle enlarges most, and the germinal vesicle 
least. Changes take place also in the position of the parts. 
The ovum at first occupies the centre of the Graafian vesicle, 
but subsequently is removed to its periphery. The germinal 
vesicle, too, which in young ova is in the centre of the yelk, is 
in mature ova found at the periphery. 

The change of position of the ovum from the centre to the 
periphery of the Graafian vesicle is possibly connected with the 
formation of the membrana granulosa which lines the vesicle. 
For, according to Valentin (Lxxx. 1838), at a very early period 
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the contents of the vesicle between its wall and the ovum are al- 
most wholly formed of granules; but in the process of growth a 
clear fluid collects in the centre of the vesicle, and the granules 
which from the first have a regular arrangement are pushed 
outwards, and form the membrana granulosa. Now as the 
mature ovum lies imbedded in a thickened portion of the mem- 
brana granulosa, it is possible that when the elementary parts 
of this membrane are pushed outwards, in the way just de- 
scribed, the ovum is carried with them from the centre to the 
periphery of the follicle. While the changes here described 
take place, the zona pellucida increases in thickness, 

According to Bischoff, the number of the granules of the yelk 
is greater the more mature the ovum, consequently the yelk is 
more opaque in the mature, and more transparent in the imma- 
ture ova. The matter in which the granules are contained is 
fluid in the immature ova of all animals; in some it remains 
so; but in others, as the human ovum, it subsequently becomes 
a consistent gelatinous substance. 

From the earliest infancy and through the whole fruitful pe- 
riod of life there appears to be a constant formation, develop- 
ment, and maturation of Graafian vesicles with their contained 
ova. Until the period of puberty, however, the process is com- 
paratively inactive, for, previous to this period, the ovaries are 
small and pale, the Graafian vesicles in them are very minute, 
few in number, and probably never attain full development, but 
soon shrivel and disappear instead of bursting as matured fol- 
licles do; the contained ova are also incapable of being impreg- 
nated. But coincident with the other changes which occur in 
the body at the time of puberty, the ovaries enlarge, and be- 
come very vascular, the formation of Graafian vesicles is more 
abundant, the size and degree of development attained by them 
are greater, and the ova are capable of being fecundated. 
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Discharge of the Ovum. 


In the process of development of individual vesicles, it has 
been already observed that as each increases in size it gradually 
approaches the surface of the ovary, and when fully ripe or ma- 
ture, forms a little projection on the exterior. Coincident with 
the increase in size caused by the augmentation of its liquid 
contents, the external envelope of the distended vesicle becomes 
very thin and eventually bursts. By this means the ovum 
and fluid contents of the Graafian vesicle are liberated and 
escape on the exterior of the ovary, whence they pass into the 
Fallopian tube, the fimbriated processes of the extremity of 
which are supposed coincidently to grasp the ovary, while the 
aperture of the tube is applied to the part corresponding to the 
matured and bursting vesicle. 

In animals whose capability of being impregnated occurs at 
regular periods, as in the human subject, and most Mammalia, 
the Graafian vesicles and their contained ova appear to arrive at 
maturity, and the latter to be discharged, at such periods only. 
But in other animals, e.g. the common fowl, the formation, 
maturation, and diseharge of ova appears to take place almost 
constantly. 

It has long been known that in the so-called oviparous ani- 
mals the separation of ova from the ovary may take place 
independently of impregnation by the male, or even of sexual 
union. And it is now established, especially by the labours 
of Bischoff (cLxxvii.), Raciborski (cLxxviil.), and Pouchet 
(cLxxix.), that a like maturation and discharge of ova, in- 
dependently of coition, occurs in Mammalia, and most probably 
also in the human subject: the periods at which the matured 
ova are separated from the ovaries and received into the Fal- 
lopian tubes being indicated, in Mammalia, by the phenomena 
of heat or rut; in the human female, by the phenomena of 
menstruation. Sexual desire manifests itself in the human 
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female with greater intensity at these periods, and in the females 
of mammiferous animals at no other time. Ifthe union of the 
sexes takes place, the ovum may be fecundated, but if no union 
occurs it perishes. 

In proof that the phenomena of heat in mammiferous animals 
are coincident with the discharge of ova from the ovaries, inde- 
pendent of the influence of the male, abundant evidence has 
been collected. Thus Blundell (xti. vol. x.), Hausmann 
(cLxxy.), and Bischoff (cixxvii.), observed that, when one ovi- 
duct or one half of the uterus had been tied or divided in an 
animal previous to coitus, although fetuses are subsequently 
met with only on that side on which the passage to and from 
the ovary remains free, yet ruptured ovarian vesicles, or corpora 
lutea, are found in both ovaries. And Dr. Blundell has shewn 
that the result, as regards the ovaries, is the same, if the vagina 
be divided near to the mouth of the uterus, so as completely to 
interrupt its canal, and to prevent the seminal fluid from 
reaching even the uterus; although, of course, no embryoes are 
produced in this case. These experiments proved that Graafian 
vesicles burst independently of the contact of the seminal fluid ; 
but still they left room for the objection that the rupture of the 
vesicles might have been caused by the excitement attending 
sexual connection. This objection, however, is removed by the 
fact observed by many physiologists, that if mammiferous ani- 
mals, which have been kept separate from the male, be killed 
during the period of heat, the Graafian follicles will be found 
either turgid and extremely vascular, or already burst : and 
still more completely by the investigations of Bischoff and 
Raciborski, who have demonstrated the discharge of ova in the 
ovaries, although no sexual union had taken place. Thus, to 
mention one among several conclusive observations, Bischoff, 
having remarked that a large bitch in his possession commenced 
to be in heat on the 18th and 19th of December, kept her 
closely shut up, and on the 28rd (having previously, on the 
21st, ascertained that she was disposed to receive the male, 
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though he did not permit coitus to take place), he cut out the 
left ovary and Fallopian tube, and closed the wound by suture. 
On examining the ovary, he found that no Graafian follicles had 
yet opened, though four of them were much swollen, under- 
going the changes preparatory to the discharge of the ova. Five 
days later he killed the animal, and found that rupture of the 
‘follicles in the remaining right ovary had taken place: and on 
examining the Fallopian tube, he found the four extruded ova 
close together, at a distance of about three inches down the 
tube. 
It is certain, then, that in mammiferous animals, as in the 
lower classes, ova are brought to maturity and discharged from 
the ovaries independently of sexual union. That this matura- 
tion and discharge occur periodically, and only during the phe- 
nomena of heat, is made probable by the facts that, in all the 
instances in which Graafian vesicles have been found presenting 
the appearance of recent rupture, the animals were at the time, 
or had recently been, in heat; that, on the other hand, there 
is no authentic and detailed account of Graafian vesicles being 
found ruptured in the intervals of the periods of heat ; and 
that female animals do not admit the males, and never be- 
come impregnated, except at those periods. 
Many circumstances make it probable that the human female 
‘is subject, in these respects, to the same law as the females 
‘of other mammiferous animals; namely, that in her as in them 
‘ova are matured and discharged from the ovary independent of 
‘sexual union, and that this maturation and discharge occur 
| periodically at the epochs of menstruation. Thus Graafian vesi- 
‘cles recently ruptured have been frequently seen in the ovaries 
‘of virgins or women who could not have been recently impreg- 
‘nated ; and although it is true that the ova discharged under 
‘these circumstances have not hitherto been discovered in the 
Fallopian tube, partly on account of their minute size, and 
| partly because the search has seldom been prosecuted with much 
‘care ; yet analogy forbids us to doubt that in the human female, 
DD 
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as in the domestic quadrupeds, the result and purpose of the 
rupture of the follicles is the discharge of the ova. 

The evidence of the periodical discharge of ova at the epochs 
of menstruation is first, that nearly all authors who have touched 
on the point, agree that no traces of follicles having burst are 
ever seen in the ovaries before puberty or the first menstrua- 
tion; secondly, that in all cases in which ovarian follicles have 
been found burst independently of sexual intercourse, the women 
were at the time menstruating, or had very recently passed 
through the menstrual state; thirdly, that although in women 
sexual connection is not confined to the periods of menstrua- 
tion, yet conception is more likely to occur within a few days 
after the cessation of the menstrual flux than at other times; 
and, lastly, that the ovaries of the human female become turgid 
and vascular at the menstrual periods, as those of animals do 
at the time of heat. 

From what has been said, it may, therefore, be concluded 
that the two states, heat and menstruation, are analogous, and 
that the essential accompaniment of both is the maturation and 
extrusion of ova. In both there is a state of active congestion 
of the sexual organs, sympathising with the ovaries at the 
time of the highest degree of development of the Graafian vesi- 
cles; and in both the crisis of this state of congestion is at- 
tended by a discharge of blood or mucus, or both, from the ex- 
ternal organs of generation. 

The occurrence of a menstrual discharge is one of the most 
prominent indications of the commencement of puberty in the 
female sex; though its absence even for several years is not 
necessarily attended with arrest of the other characters of this 
period of life, or with inaptness for sexual union or incapability 
of impregnation. The average time of its first appearance in 
females of this country and others of about the same latitude, 
is from fourteen to fifteen; but is much influenced by the 
kind of life to which girls are subject, being accelerated by 
habits of luxury and indolence, and retarded by contrary 
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conditions. On the whole, its appearance is earlier in per- 
sons dwelling in warm climates than in those inhabiting 
colder latitudes ; though the extensive investigations of Mr. 
Roberton shew that the influence of temperature on the de- 
velopment of puberty has been exaggerated. Much of the 
influence attributed to climate appears due to the custom pre- 
valent in many hot countries, as in Hindostan, of giving girls in 
marriage at a very early age, and inducing sexual excitement 
previous to the proper menstrual time. The menstrual functions 
continue through the whole fruitful period of a woman’s life, 
and usually ceases between the forty-fifth and fiftieth years. 

The several menstrual periods occur usually at intervals of a 
solar month, the duration of each being from three to six days. 
In some women the intervals are as short as three weeks, or even 
less ; while in others they are longer than a month. The peri- 
odical return is usually attended by pain in the loins, a sense 
of fatigue in the lower limbs, and other symptoms which are 
different in different individuals. Menstruation does not usually 
occur in pregnant women, or in those who are suckling; but 
instances of its occurrence in both these conditions are by no 
means rare. 

The menstrual discharge consists of blood effused from the 
inner surface of the uterus, and mixed with mucus from the 
uterus, vagina, and external parts of the generative apparatus. 
Being diluted by this admixture, the menstrual blood coagulates 
less perfectly than ordinary blood; and the frequent acidity of 
the vaginal mucus tends still further to diminish its coagula- 
bility. This has led to the supposition that the menstrual 
blood contains an unusually small quantity of fibrine, or none 
at all. The blood-corpuscles exist in it in their natural state : 
mixed with them may also be found numerous scales of epi- 
thelium derived from the mucous passages along which the 
discharge flows.* 


* For all relating to the periods of commencement and cessation of the 
Menstrual functions, and the conditions by which they are delayed or ac- 
DD 2 
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Immediately before, as well as subsequent to, the rupture of 
a Graafian vesicle and the escape of its ovum, certain changes 
ensue in the interior of the vesicle, which result in the produc- 
tion of a yellowish mass termed a corpus lutewm. 

When fully formed, the corpus luteum of mammiferous ani- 
mals is a roundish solid body, of a yellow or orange colour, and 
composed of a number of lobules which surround, sometimes a 
small cavity, but more frequently a small stelliform mass of white 
substance, from which delicate processes pass as septa between 
the several lobules. Very often, in the cow and sheep, there 
is no white substance in the centre of the corpus luteum; and 
the lobules projecting from the opposite walls of the Graafian 
vesicle appear in a section to be separated by the thinnest pos- 
sible lamina of semi-transparent tissue. 

When a Graafian vesicle is about to burst and expel the 
ovum, it becomes highly vascular and opaque; and, imme- 
diately before the rupture takes place, its walls appear thickened 
on their interior by a reddish glutinous or fleshy-looking sub- 
stance. Immediately after the rupture, the inner layer of the 
wall of the vesicle appears pulpy and flocculent. It is thrown 
into wrinkles by the contraction of the outer layer, and, soon, 
red fleshy mammillary processes grow from it, and gradually 
enlarge till they nearly fill the vesicle, and even protrude from 
the orifice in the external covering of the ovary. Subsequently 
this orifice closes, but the fleshy growth within still increases 
during the earlier period of pregnancy, the colour of the sub- 
stance gradually changing from red to yellow, and its consist- 
ence becoming firmer. 

The corpus luteum of the human female (fig. 57) differs from 
that of the domestic quadruped in being of a firmer texture, and 
having more frequently a persistent cavity at its centre, and in 
the stelliform cicatrix, which remains in the cases where the 


colerated, consult especially Raciborski (cLxxviii.) ; Pouchet (ecrxxix.) ; Dr. 
Guy (Lxxxviii. 1845) ; and Mr. Roberton in several of the yolumes of the 
Edinburgh Medical and Surgical Journal, 
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cavity is obliterated, being proportionately of much larger 
bulk. The quantity of yellow substance formed is also much 
less ; and, although the deposit increases after the vesicle has 
burst, yet it does not usually form mammillary growths project- 
ing into the cavity of the vesicle, and never protrudes from the 
orifice, as is the case in other Mammalia. It maintains the cha- 
racter of a uniform, or nearly uniform layer, which is thrown 
into wrinkles in consequence of the contraction of the external 
tunic of the vesicle. After the orifice of the vesicle has closed, 
the growth of the yellow substance continues during the first 
half of pregnancy, till the cavity is reduced to a comparatively 
small size, or is obliterated ; in the latter case, merely a white 
stelliform cicatrix remains in the centre of the corpus luteum. 


| 
| 
i 


An effusion of blood generally takes place into the cavity of 
the Graafian vesicle at the time of its rupture, especially in the 
human subject ; but it has no share in forming the yellow 
body; it gradually loses its colouring matter, and acquires the 
character of a mass of fibrine. The serum of the blood sometimes 


* Fig. 57. Corpora lutea of different periods. 8. Corpus luteum of about 
the sixth week after impregnation, shewing its plicated form at that period. 
1. Substance of the ovary. 2. Substance of the corpus luteum. 3. A 
greyish coagulum in its cavity; after Dr. Patterson. a. Corpus luteum, two 
days after delivery. p. In the twelfth week after delivery ; after Dr. 
Montgomery. 
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remains included within a cavity in the centre of the coagulum, 
and then the decolorized fibrine forms a membraniform sac, 
lining the corpus luteum. At other times the serum is removed, 
and the fibrine constitutes a solid stelliform mass. 

The yellow substance of which the corpus luteum consists, 
both in the human subject and in the domestic animals, is a 
growth from the inner surface of the Graafian vesicle, the result 
of an increased development of the cells forming the membrana 
granulosa which naturally lines the internal tunic of the vesicle. 

The first changes of the internal coat of the Graafian vesicle 
in the process of formation of a corpus luteum, seem to occur in 
every case in which an ovum escapes; as well in the human 
subject as in the domestic quadrupeds. If the ovum is impreg- 
nated, the growth of the yellow substance goes on during nearly 
the whole period of gestation, and forms the large corpus 
luteum commonly described as a characteristic mark of im- 
pregnation. If the ovum is not impregnated, the growth 
of yellow substance on the internal surface of the vesicle pro- 
ceeds, in the human ovary, no further than the formation of a 
thin layer, which shortly disappears; but in the domestic 
animals it continues for some time after the ovum has perished, 
and forms a corpus luteum of considerable size. The fact that 
a structure, in its essential characters similar to, though smaller 
than, a corpus luteum, observed during pregnancy, is formed in 
the human subject independent of impregnation or of sexual 
union, coupled with the varieties in size of corpora lutea formed 
during pregnancy, necessarily renders unsafe all evidence of pre- 
vious impregnation founded on the existence of a corpus luteum 

,in the ovary.* 


* For a full discussion of all the facts relating to this question see Dr. 
Baly, in the Supplement to the second edition of Miiller’s Physiology. 
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IMPREGNATION OF THE OVUM. 


Male Sexual Functions. 


The fluid of the male, by which the ovum is impregnated, 
consists essentially of the semen secreted by the testicles ; and, 
to this are added, as necessary, perhaps, to its perfection, a 
material secreted by the vesicule seminales, in which, as in re- 
servoirs, the semen lies before its discharge, and the secretion of 
the prostate gland, and of Cowper’s glands. Portions of these 
several fluids are, probably, all discharged together with the 
proper secretion of the testicles. 

The secreting structure of the testicle is disposed in two con- 
tiguous parts—the body of the testicle, and the epididymis, en- 
closed within a tough fibrous membrane, the tunica albuginea. 
The vas deferens, the main trunk of the secreting tubes, passing 
to the lower part of the epididymis, assumes there a much less 
diameter, with a very tortuous course: with its various convo- 
lutions it forms first the mass named caput minor, then the body, 
and then the caput major of the epididymis. At the last- 
named part the duct divides into ten or twelve small branches, 
the convolutions of which form coniform masses, named conz 
vasculosi; and the vessels continued from these, after anastomoses 
in what is called the rete testis, lead finally to the tubules which 
form the proper substance of the testicle, wherein they are 
arranged in lobules, closely packed, and all attached to the 
tough fibrous tissue at the back of the testicle. 

The tubes, seminal tubes, or tubuli seminiferi, which com- 
pose the proper substance of the testicle, are fine thread-like 
tubules, formed of simple homogeneous membrane, measur- 
ing on an average from 1! th to sjoth of an inch, and lined with 
epithelium- or gland-cells. They rarely branch, extend as simple 
tubes through a great length, with the same uniform structure, 
and probably terminate in loops. Their walls are covered with 
fine capillary blood-vessels, through which, reckoning their great 
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extent in comparison with the size of the spermatic artery, the 
blood must move very slowly. 

The seminal fluid secreted by the testicle is one of those 
secretions in which a process of development is continued after 
its formation by the secreting cells, and its discharge from them 
into the tubes. The principal part of this development consists 
in the formation of the peculiar bodies named seminal jilaments, 


Fig. 58.* 


* Fig. 58. Development of the spermatozoids of Certhia familiaris (the 
common.Creeper) ; after Wagner. 1. Granules of the semen, granula seminis, 
obtained from the testicle when very much reduced in size during the winter ; 
2 to 10, different bodies found in the semen, taken from the testicle when 
very turgid during the summer ; 2, 3, granula seminis, of which many are 
probably merely cells of epithelium ; 4, 5, 6, cysts, or parent cells, containing 
one or several round granular globules or nuclei ; 7, a similar cyst, in which are 
two globules, together with a mass of granules, and a fasciculus of spermatozoids 
in the process of development; 8, a similar cyst, become oval in form, while 
the spermatozoids have enlarged and are curled up within it; 9, 10, cysts and 
fasciculi of spermatozoids still further developed ; in 10, the fasciculus is ready 
to divide into separate filaments. 
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spermatozoa, or spermatozoids, the complete development of 
which, in their full proportion of number, is not achieved till the 
semen has reached, or has for some time lain in, the vesicule 
seminales. Carlier after its first secretion the semen contains 
none of these bodies, but granules and round corpuscles (seminal 
corpuscles), like large nuclei, enclosed within parent cells. 
Within each of these corpuscles, or nuclei, a seminal filament is 
developed, by a similar process in nearly all animals. Each 
corpuscle, or nucleus, is filled with granular matter; this is 
gradually converted into a spermatozoid, which is at first coiled 
up, and in contact with the inner surface of the wall of the cor- 
puscle (fig. 59). 

The appearance of spermato- 
zoids united in fasciculi, which 
prevails perhaps in all animals, 
is not owing to their mode of 
development, but to their ten- 
dency, when set free from their 
formative cellules or nuclei, to ar- 
range themselves thus: a ten- 
dency shewing that their bodies 
attract each other in the same 
way that blood-disks do in the formation of rowleaux. The 
fasciculi are formed within the parent cell, when this remains 
entire after the nuclei or cellules are dissolved; in other cases 
they are formed in the seminal fluid by the union of spermato- 
zoids which have been wholly set free by the solution of both 
parent-cell and nuclei. 

Thus developed, the human seminal filamentsconsist of a 
long, slender, tapering, portion, called their body or tail, to dis- 


* Fig. 59. Itrepresents the development of the spermatozoids of the rabbit. 
a. A parent cell or cyst, with five cellules or nuclei. 6. A parent cell with 
ten cellules, each of which contains a spermatic filament. c¢. A free cellule or 
nucleus, with a nucleolus and granules, more highly magnified. d. A cellule 


in which a spermatic filament is seen, the granules haying disappeared. 
poD5d 
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tinguish it from the head, an oval or pyriform portion of larger 
diameter, flattened, and sometimes pointed. They are from js 
to sw of an inch in length, the length of the head alone being 
from 55 to so of an inch, and its width about half as much. 
They present no trace of structure, or dissimilar organs: a dark 
spot often observed in the head is, probably, due to its being 
concave like a blood-corpuscle. They move about in the fluid 
like so many minute corpuscles with each a ciliary process, 
lashing their tails, and propelling their heads forwards in various 
lines. Their movement, which is probably essentially, as well 
as apparently, similar to that of ciliary processes, appears nearly 
independent of external conditions, provided the natural density 
of the fluid is preserved ; by disturbing this condition, by either 
evaporating the semen or diluting it, will stop the movement. 
It may continue within the body of the female for seven or 
eight days, and out of the body for at least nearly twenty-four 
hours. The direction of the movement is quite uncertain ; but, 
in general, the current that each excites keeps it from the con- 
tact of others. The rate of motion, according to Valentin is 
about one inch in thirteen minutes. 

Respecting the purpose served by these seminal filaments, 
little that is certain can be said. Their occurrence in the im- 
pregnating fluid of nearly all classes of animals proves their es- 
sentiality to the process of impregnation. They have been 
sometimes regarded as highly-organized and as, in some sense 
or other, the materials or organs out of which the new indi- 
vidual is begun; by others they are considered as a kind of 
parasitic animalcules. But, probably, all such theories of them 
are erroneous. Their want of structure, and their development 
in cells, not by generation or succession, are inconsistent with 
the notion of their being, in any sense, distinct animals ; neither 
is there evidence for believing that their entire substance is em- 
ployed in the construction of the embryo. It is not safe to as- 
sume more than that they, like the blood-corpuscles, and the 
corpuscles of other secretions, elaborate the fluid in which they 
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are placed, while themselves are being developed and growing; 
that they may therefore be regarded as a kind of floating gland- 
corpuscles. And, probably, they add to this function, that of 
assisting in the conveyance of the seminal fluid to the ovum ; 
for they have been found, some time after the copulation of dogs 
and rabbits, covering the surface of the ovum in even the 
furthest part of the Fallopian tube; and wherever they are, 
they must carry with them some of the other constituents of the 
seminal fluid. So that they may be regarded as conveyers, as 
well as elaborators, of the seminal fluid. Whether their con- 
tact with the ovum be essential to its impregnation cannot be 
determined ; it probably is so, though the statements respecting 
the insertion of part of the seminal filament into the cavity of 
the ovum have not been confirmed. 

The seminal fluid is, probably, after the period of puberty, 
secreted constantly, though, except under excitement, very 
slowly, in the tubules of the testicles. From these it passes 
along the vasa deferentia into the vesicule seminales whence, if 
not expelled in emission, it may be discharged, as slowly as it 
enters them, either with the urine which may remove minute 
quantities mingled with the mucus of the bladder and the 
secretion of the prostate, or from the urethra in the act of 
defecation. 


The vesiculw seminales have the appearance of out-growths 
from the vasa deferentia. Each of these ducts, just before it 
enters the prostate gland, through part of which it passes to 
terminate in the urethra, gives off a side-branch, which bends 
back from it at an acute angle; and this branch dilating, vari- 
ously branching, and pursuing in both itself and its branches 
a tortuous course, constructs the vesicula seminalis. Each of 
the vesicul, therefore, might be unravelled into a single 
branching tube, sacculated, convoluted, and folded up. 

The mucous membrane lining the vesicule seminales, like 
that of the gall-bladder, is minutely wrinkled and set with 
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folds and ridges arranged so as to give it a finely reticulated 
appearance. The rest of their walls is formed, chiefly, of a 
layer of organic muscular fibres, from which they derive con- 
tractile power for the expulsion of their contents. 

To the vesicule seminales a double function may be as- 
signed ; for they both secrete some fluid to be added to that 
of the testicles, and serve as reservoirs for the seminal 
fluid. The former is their most constant and probably most 
important office; for in the horse, bear, guinea-pig, and 
several other animals, in whom the vesicule seminales are 
large and of apparently active function, they do not com- 
municate with the vasa deferentia, but pour their secre- 
tions separately, though it may be simultaneously, into the 
urethra. In man, also, when one testicle is lost, the corre- 
sponding vesicula seminalis suffers no atrophy, though its func- 
tion as a reservoir is abrogated. But, how the vesicule semi- 
nales act as secreting organs is unknown; the peculiar brownish 
fluid which they contain after death does not properly represent 
their secretion, for it is different in appearance from anything 
discharged during life, and is mixed with semen. It is nearly 
certain, however, that their secretion contributes to the proper 
composition of the impregnating fluid ; for, in all the animals in 
whom they exist, and in whom the generative functions are 
exercised at only one season of the year, the vesiculee seminales, 
whether they communicate with the vasa deferentia or not, 
enlarge commensurately with the testicles at the approach of 
that season. 

That the vesiculz are also reservoirs in which the seminal 
fluid may lie for a time previous to its discharge, is shewn by 
their commonly containing the seminal filaments in larger 
abundance than any portion of the seminal ducts themselves 
do. The fluid like mucus, also, which is often discharged from 
the vesiculee in straining during defecation, commonly contains 
seminal filaments. But no reason can be given why this office 
of the vesicule should not be equally necessary to all the ani- 
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mals whose testicles are organised like those of man, or why in 
many animals the vesicule are wholly absent. 


There is an equally complete want of information respecting 
the secretions of the prostate and Cowper’s glands, their nature, 
and purposes. That they contribute to the right composition 
of the impregnating fluid, is shewn both by the position of the 
glands, and by their enlarging with the testicles at the approach 
of an animal’s breeding time. But that they contribute only a 
subordinate part, is shewn by the fact that when the testicles 
are lost, though these other organs be perfect, all procreative 
power ceases. 

The mingled secretions of all the organs just described form 
the semen, or seminal fluid. Its corpuscles are already de- 
scribed : its fluid part has not been satisfactorily analysed ; but 
Henle says it contains fibrine, because, shortly after being dis- 
charged, flocculi form in it by spontaneous coagulation, and 
leave the rest of it thinner and more liquid, so that the filaments 
move in it more actively. 

Nothing has shewn what it is that makes this fluid capable 
of impregnating the ovum, or (which is yet more remarkable) 
of giving to the developing offspring all the characters, in fea- 
tures, size, mental disposition, and liability to disease, which 
belong to the father. This is a fact wholly inexplicable ; and 
is, perhaps, exceeded in strangeness by none but those which 
shew that the seminal fluid may exert such an influence, not 
only on the ovum which it impregnates, but on many which 
are subsequently impregnated by the seminal fluid of another 
male. It has been often observed, for example, that a well- 
bred bitch, if she have been once impregnated by a mongrel- 
dog, will not bear thorough-bred puppies in the next two or 
three litters after that succeeding the copulation with the mon- 
grel. But the best instance of this kind was in the case of a 
mare belonging to Lord Monson, who, while he was in India, and 
wished to obtain a cross-breed between the horse and quagga, 
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caused this mare to be covered by a male quagga. The foal 
that she next bore had distinct marks of the quagga, in the 
shape of its head, black bars on the legs and shoulders, and 
other characters. After this time she was thrice covered by 
horses, and every time the foal she bore had still distinct, though 
decreasing, marks of the quagga ; the single impregnation by 
the seminal fluid of the quagga had impressed its character not 
only on the ovum then impregnated, but on the three following 
ova impregnated by horses. 


DEVELOPMENT. 
Changes in the Ovum previous to the Formation of the Embryo. 


Of the changes which the ovum undergoes previous to the 
formation of the embryo, some occur while it is still in the 
ovary, and are apparently independent of impregnation ; others 
take place after it has reached the Fallopian tube. The know- 
ledge we possess of these changes is derived almost exclusively 
from observations on the ova of mammiferous animals, especially 
the bitch and rabbit; but it may be inferred that analogous 
changes ensue in the human ovum. 

Bischoff (cLxxxvii.) describes the yelk of an ovarian ovum after 
coitus as being unchanged in its characters, with the single excep- 
tion of being fuller and more dense: it is still granular, as before, 
and does not possess any of the cells subsequently found in it. 
The germinal vesicle always disappears, sometimes before the 
ovum leaves the ovary, at other times not until it has entered 
the Fallopian tube; but always before the commencement of 
the metamorphosis of the yelk. Of the manner in which the 
germinal vesicle, and with it the germinal spot, disappears, and 
of the changes which they are supposed previously to undergo, 
much has been written, though little is with certainty known. 

The cells of the membrana granulosa, which immediately sur- 
round and adhere to the ovum, undergo a peculiar change of 
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form about the time at which the ovum is destined to leave the 
ovary. They become club-shaped, their pointed extremities 
being attached to the zona pellucida, so as to give the ovum a 
stellate appearance (see fig. 60). When the ovum enters the 
Fallopian tube, these cells lose their spindle or club-like shape, 
and become quite round. In the bitch, they continue to invest 
the ovum in this round shape throughout the whole tract of the 
Fallopian tube, disappearing only when the ovum reaches the 
uterus ; but, in the rabbit they wholly disappear at its very 
commencement. 


Fig. 60. 


Besides the disappearance of the germinal vesicle, and, in the 
rabbit, the disappearance also of the cells of the membrana 
granulosa, the yelk, in the upper part of the Fallopian tube, no 
longer completely fills the zona pellucida, but contracts, and 
leaves a clear space between them. 

As the ovum approaches the middle of the Fallopian tube, it 
begins to receive a new investment, consisting of a layer of trans- 
parent albuminous or glutinous substance, which forms upon the 
exterior of the zona pellucida. It is at first exceedingly fine, 
and, owing to this, and to its transparency, is not easily recog- 
nised ; but at the lower part of the Fallopian tube it acquires 


Fig. 60. a. An ovarian ovum from a bitch in heat, exhibiting the elon- 
gated form and stellate arrangement of the cells of the discus proligerus or 
membrana granulosa around the zona pellucida. uu. The same ovum after the 
removal of most of the club-shaped cells. 
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considerable thickness, and shortly begins to assume the charac- 
ters of the chorion, into which it, together with the zona pellu- 
cida, is subsequently converted. At this part of its transit along 
the Fallopian tube, the ovum remains still unchanged in struc- 
ture, and no alteration, beyond increased thickness, is perceived 
in the zona pellucida. A remarkable phenomenon has, how- 
ever, been noticed by Bischoff in the rabbit, about this time, 
namely, the performance by the entire yelk of regular and 
energetic rotatory ovements within the zona pellucida; a phe- 
nomenon produced, he says, by the action of vibratile cilic 
situated upon the surface of the yelk. 


The changes which the mammalian ovum undergoes in its 
passage through the second half of the Fallopian tube, consist in 
the further formation of the chorion, and in the peculiar process 
of cleaving, or division and subdivision, of the substance of the 
yelk, which will now be described.* The development of the 
chorion will be considered at a future page. 

Bischoff, whose observations were made on rabbits and 
bitches, states that, when the ovum has passed the middle of 
the Fallopian tube in its transit to the uterus, the yelk, which 
was previously one compact uniform mass, begins to be resolved 
into a number of smaller spheroidal masses ; first into two, then 
into four, then eight, then sixteen, and so on (see fig. 61). Hach 
segment contains a transparent vesicle, like an oil-globule, which 
is seen with difficulty, especially in the bitch’s ovum, on account 
of its being enveloped by the yelk-granules, which adhere close- 
ly to its surface. He has not been able to detect a nucleus in 
it, and therefore does not regard it as a true cell. Neither does 
he regard the globular segments themselves as cells, for neither 
in the rabbit nor in the bitch can any investing membrane be 
discerned: they seem to be mere aggregations of yelk-substance 
around the central body or vesicle. 


“ For an account of the process of cleaving in Amphibia and Fish, see 
Miiller’s Elements and the Supplement. 
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The cause of this singular subdivision of the yelk is quite ob- 
scure: though the immediate agent in its production seems to be 


Fig. 61.* 


the central vesicle contained in each division of the yelk. Origi- 
nally there was probably but one vesicle, situated in the centre 
of the entire granular mass of the yelk, and probably derived from 
the germinal vesicle. This, by some process of multiplication, 
divides and subdivides: then each division and subdivision 


* Fig. 61. a. Ovum of a bitch, from the Fallopian tube, half an inch from 
its opening into the uterus, shewing the zona pellucida with adherent sperma- 
tozoids, the yelk divided into its first two segments, and two small granules 
or vesicles contained with the yelk in the cavity of the zona. B. Ovum of a 
hitch from the lower extremity of the Fallopian tube: the cells of the tunica 
granulosa haye disappeared: the yelk is divided into four segments. c. Ovum 
of bitch from the lower extremity of the Fallopian tube, in a later stage of the 
division of the yelke pv. An ovum from the uterus: it is larger, the zona 
thicker, and the segments of the yelk are very numerous. £. Ovum from the 
lower extremity of the Fallopian tube burst by compression: the segments of 
the yelk have partly escaped, and in each of them a bright spot or vesicle is 
visible. 
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attracts around itself, as a centre, a certain portion of the sub- 
stance of the yelk. 

The process is closely identical with changes which ensue in 
the ova of certain species of Ascaris, except that, in the latter 


case, they result from the division and subdivision of nucleated 
cells, which, like the oil-like vesicles in the Mammalian ovum, 
attract around them certain portions of the substance of the 
yelk (see fig. 62). 


About the time at which the mammiferous ovum reaches the 
uterus, the process of division and subdivision of the yelk ap- 
pears to have ceased, its substance having been resolved into its 
ultimate and smallest divisions, while its surface presents a 
uniform finely granular aspect, instead of its late mulberry-like 
appearance. The ovum, indeed, appears at first sight to have 
lost all trace of the cleaving process, and, with the exception of 


* Fig. 62. Cleaving of the yelk after fecundation. Ascaris nigrovenosa. 
A. An ovum, the yelk of which is divided into two equal portions ; the upper 
portion contains a cell with a large nucleus, the lower, a similar cell with two 
small nuclei. s. An oyum, of which the yelk is divided into four masses, 
three of which possess a single nucleated cell, the fourth, two such cells. 
c. An ovum, the globular masses of whose yelk amount to sixteen, in each 
of which a nucleated cell is clearly discernible. After Kolliker, rxxx. 1843. 
D. and E. are representations of ova from Ascaris acuminata, shewing subse- 
quent steps in the process of division which goes on until the globular 
masses become exceedingly small, and are moulded into the form of the young 
worm. In the late cells, however, the central cells can be no longer recog- 
nized. After Bagge, cLxxx. 
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being paler and more translucent, almost exactly resembles the 
ovarian ovum; its yelk consisting, apparently, of a confused 
mass of finely-granular substance. But on more careful ex- 
amination it is found that these granules are aggregated into 
numerous minute spherical masses, each of which contains a 
clear vesicle in its centre, but is not, at this period, provided 
with an enveloping membrane, and possesses none of the other 
characters of a cell. The zona pellucida, and (in the rabbit) 
the layer of albuminous matter surrounding it, have at this time 
the same characters as when at the lower part of the Fallopian 
tube. 

Shortly after this, important changes ensue. Lach of the se- 
veral globular segments of the yelk becomes surrounded by a 
membrane, and is thus converted into a cell, the nucleus of 
which is formed by the central vesicle, the contents by the 
granular matter originally composing the globule ; these granules 
usually arrange themselves concentrically around the nucleus. 
When the peripheral cells, which are formed first, are fully de- 
veloped, they arrange themselves at the surface of the yelk into 
a kind of membrane, and at the same time assume a pentagonal 
or hexagonal shape from mutual pressure, so as to resemble 
pavement-epithelium. As the globular masses of the interior 
are gradually converted into cells, they also pass to the surface 
and accumulate there, thus increasing the thickness of the mem- 
brane already formed by the more superficial layer of cells, 
while the central part of the yelk remains filled only with a 
clear fluid. By this means the yelk is shortly converted into 
a kind of secondary vesicle, situated within the zona pellucida, 
and named by Bischoff, vesicula blastodermica. 

The vesicula blastodermica, or germinal membrane as it is 
also called, shortly undergoes a rapid increase in extent and 
thickness ; its growth being effected apparently by the develop- 
ment of new cells, the mode of origin of which is obscure. 
Within the substance of the germinal membrane shortly appears 
the first trace of the embryo. 


620 DEVELOPMENT OF THE OVUM. 


The time occupied in the passage of the ovum, from the ovary 
to the uterus, occupies, according to Bischoff, three days in the 
rabbit, four or five days in ruminants, and, probably, eight 
or ten days in the human female. Bischoff, also, believes that 
the ovum escapes from the Graafian vesicle at the time when 
the menstrual discharge is about to cease; and since, if not fe- 
cundated, it probably always perishes when it arrives at the 
lower part of the Fallopian tube, or at any rate, at the uterus, 
he infers that sexual connection, to be fruitful in the human 
subject, must take place within eight or ten days from the 
cessation of the menstrual discharge. Raciborski thinks the 
time even more limited than this; but he states that impregna- 
tion may also result from sexual union taking place one or two 
days before the commencement of the period of menstruation. 


Changes of the Ovum within the Uterus. 


It has been remarked that in its passage along the Fallopian 
tube the ovum is invested externally with a layer of albuminous 
substance. In birds, the quantity of this albuminous coating is 
very large, and constitutes what is termed the white of the egg ; 
it serves for the nourishment of the embryo until the chick is 
fully developed, and ready to maintain its existence out of the 
shell. Mammiferous ova do not require any such large store of 
nutriment, for when they reach the uterus they enter into such 
intimate connection with it, by means of structures presently to 
be described, that their means of subsistence and growth are 
derived entirely from the parent. 

The exterior of the mammiferous ovum, therefore, acquires 
only a thin layer of albuminous substance. This shortly be- 
comes intimately united with the zona pellucida, together with 
which it forms a membrane termed the chorion. Shortly after 
its formation, the chorion sends off from its external surface 
numerous villous processes, which give it a shaggy or spongy 
appearance, and which appear to be destined for the absorption 
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of nutriment from the internal surface of the uterus during the 
earliest period of embryonic life. 

Before the impregnated ovum reaches the uterus, certain pre- 
parations are made in that cavity for its reception. These 
changes consist especially in an increased development of the 
several parts composing the mucous membrane of the uterus, 
which results in the formation of the membrana decidua—so 
called on account of being discharged from the uterus at parturi- 
tion. The mucous membrane of the human uterus is abun- 
dantly beset with tubular follicles, arranged perpendicularly 
to the surface. These follicles have not been described as ex- 
isting in the unimpregnated uterus; but, their appearance im- 
mediately after impregnation, and the existence of follicles in the 
unimpregnated uterus of the bitch, and other animals, leave little 
doubt of their entering into the structure of the mucous mem- 
brane of the human uterus previous to impregnation. Examined 
shortly after impregnation, these glands are found elongated, en- 
larged, and much waved and contorted towards their deep and 
closed extremity, which is implanted at some depth in the tissue 
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of the uterus, and commonly dilates into two or three closed 
 Sacculi (fig. 63). On the internal surface of the mucous mem- 


* Fig.63. Section of the lining membrane of a human uterus at the period 
of commencing pregnancy, shewing the arrangement and other peculiarities of 
' the glands d. d. d., with their orifices, «. a. a., on the internal surface of the 
organ. ‘Twice the natural size. After E. H. Weber. 
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Fig. 64.* brane may be seen the cir- 
cular orifices of the glands, 
many of which are, in the 
early period of pregnancy, sur- 
rounded by a whitish ring, 
formed of the epithelium 
which lines the follicles (fig. 
64). 

Coincidently with the in- 
creasing size of the follicle, 
the quantity of their secre- 
tion is augmented, the ves- 
sels of the mucous membrane become larger and more numerous, 
while a substance composed chiefly of nucleated cells fills up the 
interfollicular spaces in which the blood-vessels are contained. 
The effect of these changes is an increased thickness, softness, 
and vascularity of the mucous membrane, which itself forms the 
membrana decidua. 

The object of this increased development seems to be the 
production of nutritive materials for the ovum ; for the cavity of 
the uterus shortly becomes filled with secreted fluid, consisting 
almost entirely of nucleated cells, in which the villi of the 
chorion are imbedded. The villi of the chorion do not seem to 
have been ever traced into the follicles, although Bischoff (Lxxx. 
1847), thinks it probable that they do enter them. But in the 
bitch they may be easily traced into the dilated glands of the 
mucous membrane. According to Dr. Sharpey, the glands of the 
mucous membrane of the bitch’s uterus are of two kinds, simple 
and compound. The former, which are the more numerous, 
are merely very short unbranched tubes closed at one end 


* Fig. 64. Two thin segments of human decidua, after recent impregnation 
viewed on a dark ground; they shew the openings on the surface of the mem- 
brane. A is magnified six diameters and B twelve diameters. At 1 the 
lining of epithelium is seen within the orifices, at 2 it has escaped. From 
Dr. Sharpey (xxxii.). 
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(fig. 65, 1,1); the latter (%,%) have a long duct dividing into 
convoluted branches; both open on the inner surface of the 
membrane by small round orifices, lined with epithelium, and 
set closely together. After impregnation, the glands of those 
parts of the mucous membrane which come into immediate rela- 
tion with the ova greatly enlarge ; while the extremity of each 
compound gland, just before it opens on the surface of the 
uterus, dilates into a pouch, or cell, filled with whitish secretion, 
within which is received a process of the chorion. The simple 
glands also dilate, and receive each a feetal villus. 

When the ovum enters the uterus, it becomes imbedded in 
the structure of the decidua which is yet quite soft. The 
earliest ova which have been observed in connection with the 
decidua, were not contained free in its cavity, but appeared to 
be implanted in it or pressed into it from without ; the decidua, 


Fig. 65.* Fig. 66.+ 
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at the point of entrance of the ovum, being protruded inwards, 
and the ovum contained in a hollow of its external surface. 
During the further growth of the ovum, the decidua becomes 


* Fig. 65. <A vertical section of the mucous membrane, shewing uterine 
glands of the bitch magnified twelve diameters :—1, 1, simple glands ; 2, 2, 
compound ditto. From Dr. Sharpey. 

+ Fig. 66. Diagram of part of the decidua and ovum separated, to shew 
their mutual relation. 2, 3, 4, 5, as in the former figure. 6, chorion. 
7, villi. 8, 8,, foetal processes of the chorion. From Dr. Sharpey (xxxii.). 
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more and more inverted at this point, the inverted part being 
received into the cavity of the rest of the membrane. This in- 
verted portion is called the decidua reflexa,* while the other 
part of the membrane is called the decidua vera. At the part 
where the uterine expansion of the decidua is interrupted by the 
reflexion inwards of the decidua reflexa, and where the ovum 
entered, the place of the decidua vera is supplied by another 
layer similar to it, and connected at its margins with it, the 
“decidua serotina.” When young ova are examined in the 
uterus, both the decidua vera and the decidua reflexa are gene- 
rally found ; but in aborted ova this is seldom the case, a part 
of the decidua being most frequently retained in the uterus. 
As the ovum increases in size, the decidua vera and the deci- 
dua reflexa gradually come into contact, and in the third month 
of pregnancy the cavity between them has quite disappeared. 
Henceforth it is very difficult, or even quite impossible, to dis- 
tinguish the two layers. 


Development of the Embryo. 


We have already traced the changes which ensue in the 
mammalian ovum subsequent to impregnation, as far as the 
formation of the germinal membrane, which consists of a layer 
of epithelium-like cells enclosing the substance of the yelk, and 
immediately in contact with the internal surface of the zona 
pellucida. Most of the subsequent changes which ensue in the 
formation of the mammalian embryo are similar to those which 
take place in the development of the chick, and in many respects 
similar to those which occur in Amphibia and fishes: and the 
names applied to the several parts are the same in each case. 
Hence each step in the process may be illustrated by the results 
of observations on the development of these lower animals. 


* The mode in which the decidua reflexa is formed is involved in con- 
siderable obscurity. For the most recent observations on the subject consult 
Sharpey (xxxii. p. 1580); E. H. Weber (cixxxiii.) ; Coste (xviii. May, 
1847) ; and Goodsir (ii.). 
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Very soon after its formation, the germinal membrane pre- 
sents at one point on its surface an opaque roundish spot, which 
is produced by an accumulation of cells and nuclei of cells, of 
less transparency than elsewhere. This space, the ‘“ area ger- 
minativa” or germinal area, is the part at which the embryo 
first appears. About the same time the germinal membrane 
becomes divisible, in the direction of its thickness, into two dis- 
tinct lamine. This division is at first most manifest at the 
situation of the area germinativa, but it soon extends from this 
point, and implicates nearly the whole of the germinal mem- 
brane. The superior or external layer, which lies next to the 
zona pellucida, is called the serous layer ; from it are developed 
the organs of the animal system of the body, e. g. the bones, 
muscles, and integuments: the inferior or internal division, in 

contact with the yelk itself, is named the mucous layer, and 
serves for the formation of the internal or visceral system of 
organs. 

At its first appearance, the area germinativa has a rounded 
form, but it soon loses this and becomes oval, then pear-shaped, 
and while this change in form is taking place, there gradually 
appears in its centre a clear space or area pellucida (fig. 67, c), 
bounded externally by a more opaque circle, which subse- 
quently becomes the area vasculosa (B),—so named because of 
‘its being the part in which blood-vessels are first formed. In 
“the formation of these two spaces both the serous and mucous 
-laminz of the germinal membrane take part. The comparative 
‘obscurity of the outer space—the area vasculosa—is due to 
ithe greater accumulation of nucleated cells and nuclei at that 
jpart than in the area pellucida. 

The first trace of the embryo in the centre of the area pel- 
llucida consists of a shallow groove or channel, the primitive 
igroove (fig. 67, £), formed in the external or serous fold of the 
igerminal membrane: the mucous fold has no direct share in 
its production. The groove is wider at its anterior or cephalic 
extremity, and tapers towards the opposite extremity. 

EE 
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Coincidently with the formation of the primitive groove, two 
oval masses of cells, the damince dorsales (p) appear, one on 
each side of the groove. At first scarcely elevated above the 
plane of the germinal membrane, they soon rise into two pro- 
minent masses, the upper borders of which gradually tend to- 
wards each other, turning inwards over the primitive groove, 


Fig. 67.* 


Their form changes as that of the area pellucida does ; passing 
gradually with the latter from an oval to a pyriform shape, 
and eventually becoming guitar-shaped. According to Bis- 
choff the part of the inner side of each of these masses which 
immediately adjoins the primitive groove, shortly becomes pel- 


* Fig. 67. Portion of the germinal membrane of a bitch’s ovum, with the 
area pellucida and rudiments of the embryo; magnified ten diameters. 
A. Germinal membrane. x. Area yasculosa. c. Area pellucida. p. La- 
minze dorsales. . Primitive groove, bounded laterally by the pale pellucid 
substance of which the central nervous system is composed. After Bischoff 


(cLxxxiy), 
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lucid, and is developed into nervous substance. The parts 
from opposite sides then unite, and convert the primitive groove 
into a tube, which is the central canal of the cerebro-spinal 
axis, the surrounding nervous matter constituting the substance 
of the rudimental spinal cord and brain or cerebral vesicles, 


which are thus the first parts of the embryo that are deve- 
loped. The shaping-out of the three cerebral vesicles or di- 
visions of the brain takes place before the primitive groove is 


* Fig. 68. Portion of the germinal membrane, with rudiments of the 
embryo from the ovum of a bitch. The primitive groove, A, is not yet closed, 
and at its upper or cephalic end presents three dilatations, B, which correspond 
to the three divisions or vesicles of the brain. At its lower extremity the 
groove presents a lancet-shaped dilatation (sinus rhomboidalis) c. The mar- 
gins of the groove consist of clear pellucid nerye-substance. Along the bottom 
of the groove is observed a faint streak, which is probably the chorda dorsalis. 
p. Vertebral plates. After Bischoff. 

BR 2 
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closed over; its cephalic extremity dilating into three pouches 
(8 fig. 68). The opposite or caudal extremity of the groove at 
the same time dilates into a lancet-shaped pouch (the sinus 
rhomboidalis), which corresponds to the future cauda equina 
(c). The closure of the canal by means of the internal nervous 
sides of the laminee dorsales commences first at the middle, and 
then gradually proceeds along its whole length: at the same 
time the other parts of the corresponding lamine dorsales of the 
opposite sides unite and form the rudiments of the head and 
dorsal part of the body. 

Immediately beneath, and in a line parallel with the primi- 
tive groove, may be seen, about the same time, a narrow linear 
mass of cells, the chorda dorsalis, which forms the basis around 
which the vertebral column is developed. The development of 
this column is early indicated by the appearance of a few 
square, at first indistinct, plates, the rudiments of vertebrae 
(fig. 68, p), which begin to appear at about the middle of each 
dorsal lamina. 

While the dorsal lamine are closing over the primitive 
groove, thickened prolongations of the serous layer are given off 
from the lower margin of each; these are named lamin vis- 

cerales sew ventrales. At first 
the visceral lamine proceed on 
the same plane with the ger- 
\ minal membrane, but by degrees 
they bend downwards and in- 
wards towards the cavity of the 


Fig. 69.* 


| F yelk, where they unite and form 
\ Giijos ie the anterior walls of the trunk. 
Nx ad / During these changes an accu- 
\ at mulation of cells ensues between 


ee 


the mucous and serous lamine 
at the part of the germinal membrane already named the area 


* Fig. 69. Diagram shewing vascular area in the chick. a. Area pellucida. 
. Avea vasculosa, ce. Area vitellina, 
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vasculosa. Within this mass, which constitutes a third or 
middle layer of the germinal membrane, is laid the foundation 
for the development of the vascular system. At the circum- 
ference of the vascular area, insulated red spots and lines make 
their appearance, and these soon unite so as to form a network 
of vessels filled with blood. The margin of the vascular layer 
is at first limited and quite circular, being bounded by vessels 
united in a circulus venosus, oY 
sinus terminalis (fig. 71), but it 
soon extends over the whole surface 4 
of the germinal membrane. : 
About the same time the rudi- 
mentary heart is formed in the 
same layer of the germinal mem- 
brane, bending downwards from the 
cephalic portion of the embryo, so 
as to enclose the anterior part of 
the cavity of the body. As shewn 
by Schwann, the blood-vessels are 
developed originally from nucleated o 
cells. These cells send out pro- aie | 
cesses ; the processes from different g | || 
cells unite; and in this way ra- GE }}| ; 
mifications and a network are pro- 44 
duced. Vessels extend from this 
network in the area vasculosa into the area pellucida, and join 
the rudimentary heart. It has, at first, the form of a long 


Fig. 70.* 


* Fig. 70. Embryo of the chick at the commencement of the third day, as 
seen from the abdominal aspect. After Wagner. 4. Prominence of the 
corpora quadrigemina or optic lobes of the brain ; 5, the anterior cerebral 
mass or hemispheres; 6. the heart ; 7. entrance of the great venous trunks 
in the atrium cordis or auricle ; 8, 9, 10, and 11. the four aortic arches ; 
12. the descending aorta; 13. the arteries of the germinal membrane ; 
14. the dorsal! laminze, rendered slightly wavy by the action of water ; 15. the 
rudiments of the yertebre. 
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slightly-curved tube, prolonged inferiorly into two venous 
trunks, and superiorly into three or more aortic arches on each 
side. These arches unite beneath the vertebral column, and 
form the aorta (see fig. 71). The vessels extending from the 
vascular layer now ramify in the animal, as well as in the 
organic, system of the embryo, and aid essentially in its fur- 
ther development. 
In the primitive state of the embryonic circulation, the 
aorta divides into a right and a left branch, and these are 
continued as the ar'terie omphalo- 
- mesenteric (a, a, fig. 71), into 
the germinal membrane, where 
they ramify and anastomose 
until they reach a circular venous 
canal (s) which surrounds the 
area vasculosa. From this ve- 
nous canal, the sinus terminalis, 
and from the vascular network 
of the germinal membrane, the 
blood is brought back by the ven 
omphalo-mesenterice (v, v),which 
issue from the area vasculosa at points corresponding to the an- 
terior and posterior extremities of the embryo (see figs. 71 and 
72). Subsequently other veins are developed in the vascular 
network, which follow the course of the arteries; and at length 
the terminal sinus entirely disappears, and the whole yelk-sac 
becomes covered with blood-vessels. 


Fig. 71. 


During the above changes the embryo, together with the im- 
mediately contiguous part of the germinal membrane, elevates 
itself above the level of the rest of that membrane in the form 
of a small boat (see fig. 72), enclosing a cavity open beneath, 
which is the first condition of the cavity of the trunk of the 
future animal. The cephalic end of the embryo, with the an- 
terior part of the body, first bends forwards and downwards, 
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and the germinal membrane follows this depression, producing 
a fold termed the involucrum capitis. Shortly afterwards a si- 
milar fold of the germinal membrane is formed at the caudal 


extremity of the embryo (vagina caude), and presses from 
behind forwards beneath it (see fig. 73). These two folds are 
connected by that part of the hoat-shaped embryo which passes 
off from the structures pf the axis on each side into the expand- 
ed germinal membrane. In this way the embryo becomes in 
some measure separated by a constriction, both anteriorly, pos- 
teriorly, and at the sides, from the rest of the germinal mem- 


* Fig. 72. Embryo from a bitch at the 23rd or 24th day, magnified ten 
diameters. It shews the net-work of blood-vessels in the vascular lamina 
of the germinal membrane and the trunks of the omphalo-mesenteric veins 
entering the lower part of the S-shaped heart. The first part of the aorta is 
also seen, After Bischoff. (Ibid.) 
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brane above the surface of which it elevates itself, with the 
cavity of its trunk, still in great part open, turned towards the 
yelk. The part of the internal layer of the germinal membrane 


Riga. 


which lines the cavity of the embryo is the primitive form of 
the intestinal canal. That part of the external layer of the 
germinal membrane, on the contrary, which descends on each 
side from the rudimentary axis of the embryo, and contributes 
to its boat-like form, is continuous with the rudimentary strue- 
tures which are destined to form the parietes of the trunk, 
namely, the walls of the neck, chest, and abdomen. 

In a further continuation of the above changes, the cephalic, 
caudal, and lateral edges of the external layer of the germinal 
membrane rise still more, and extend over the body of the em- 
bryo from its abdominal towards its dorsal aspect, where they 
at length meet and coalesce, enclosing the embryo in a shut 
sac, the amnion (figs. 74 and 75). 

While the inner of the two layers of which this fold of the 
germinal membrane consists forms the sac of the amnion, the 
outer lines the internal surface of the zona pellucida, or, as it 
has now become, the chorion. The lamella forming the amnion 
is continuous with the skin of the embryo at the former line of 
union of the parietes of its body with the external layer of the 
germinal membrane. ‘The parietes of the body of the embryo 
are therefore reflected upon themselves, as it were, so as to form 


* Fig. 73. A longitudinal section of an embryo chick in the second day of 
incubation. a. section of the embryo ; 4. the external layer of the germinal 
membrane ; ¢, the internal layer ; 6’, the involucrum capitis. 
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the membrane of the amnion. The part at which the reflection 
takes place is the wmbilicus. This at first is wide and long, 
but it gradually grows smaller. 


Fig. 74. 


The inner layer of the germinal membrane remains continuous 
with the intestinal cavity. The constricted part at which it 
is continued into the wall of the intestinal cavity or tube 
(fig. 74 ¢’), is now called the vwitelline duct, ductus vitello-in- 
testinalis, or omphalo-mesenteric duct; the inner layer of the 
germinal membrane haying at this period extended over the 
whole yelk, and become the vitelline sac, yelk-sac, or, i Mam- 
malia, the wmbilical vesicle. 

By the constriction which the fold of germinal membrane, 
in which the abdominal walls are formed, produces at the 
umbilicus (c’), the body of the embryo becomes in great mea- 
sure detached from the yelk-sac or umbilical vesicle, though 
the cavity of the rudimentary intestine still communicates 
with it through the vitelline or omphalo-mesenteric duct, and 
contains part of the yelk-substance with which the vesicle was 
filled. The yelk-sac contains, however, the greater part of the 
substance of the yelk, and furnishes a source whence nutriment 
is derived for the embryo. In birds, the contents of the yelk-sac 
afford nourishment until the end of ineubation: but in Mam- 
malia, the office of the corresponding umbilical vesicle ceases at 


a very early period, the quantity of yelk is small, and the embryo 
EES 
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soon becomes independent of it by the connections it forms with 
the parent. Moreover, in birds, as the sac is emptied it is gra- 
dually drawn into the abdomen through the umbilical opening 


Fig. 75.* 


which then closes over it: but in Mammalia it always remains 
on the outside, and as it is emptied it contracts, shrivels up, and, 
with the part of its duct external to the abdomen, is detached 
and disappears either before, or at, the termination of intra- 
uterine life, the period of its disappearance varying in different 
orders of Mammalia.t 

The walls of the yelk-sac are formed by the several layers of 
the germinal membrane, of which the mucous and vascular 
layers become much developed and are actively concerned in 
the absorption of the contents of the sac. The vessels rami- 


* In figure 75, @ represents the dorsal structures of the embryo ; %, the 
amnion ; ¢, the yelk-sac or umbilical vesicle ; c’, the vitelline duct or pedicle 
of the umbilical vesicle; 0, the allantois ; and o’, the urachus. 

+ Respecting the changes of the absorbed yelk in the liver of the chick, 


see p, 242, note. 
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fying in the vascular layer are named, as already said, om- 
phalo-mesenteric : their trunks, an artery and two veins, enter 
the abdomen at the umbilicus with the vitelline or omphalo- 
mesenteric duct. The mucous surface lining the interior of the 
sac is, in the chick especially, highly developed, and presents 
numerous vascular folds or processes for the absorption of the 
yelk; for the contents of the sae do not pass directly into the 
intestine, with which at first, through the pervious vitelline 
duct, the sac communicates, but are absorbed by the omphalo- 
mesenteric vessels and conveyed to the liver. The vascular 
folds of the mucous membrane are covered by the granules of 
the yelk which give them a yellowish colour, and hence led to 
the vessels being formerly called vasa lutea.* 


* Fora minute account of the structure and office of the mucous coat of the 
umbilical vesicle of the chick by Mr. Grainger, see Muller (xxxii. p. 1557). 


The blood-vessels of the umbilical vesicle (omphalo-mesenteric vessels) are 
well shewn in the preparation of a human embryo belonging to Dr. Sharpey, 
(plate iii.) The annexed figure is an outline copy of the plate referred to. The 
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During the formation of the umbilical vesicle a pear-shaped 
solid mass of cells projects from the inferior or caudal extremity 
of the embryo, and is shortly developed into a vesicle named 
allantois. It has been said by some to proceed directly 
from the intestinal canal (as represented in fig. 75); by 
others from the Wolffian bodies or rudimental kidneys ; but, at 
least in the Mammalia, it does not do so, for, as shewn by 
Bischoff, at the time of its first appearance no trace either of the 


aborted oyum measured about 14 inch. Abundant and large villi extended 
from the chorion (1) to the decidua at the part where the cord was attached. 
The amnion (2) is laid open, and the fetus lies at the bottom of its cavity. 
The vesicula umbilicalis(3), rather more than 25th of an inch in diameter, 
adheres to the outside of the amnion, connected by its pedicle to the umbilical 
cord. The intestine (4) on leaving the stomach makes a turn to the right ; 
then after a retrograde bend passes through the umbilicus into the cord, at 
first straight (5), then making three coils in the cord, then returning straight 
again (6) into the abdomen, and terminating at the lower end of the body. 
The straight returning portion is the large intestine, as indicated by the com- 
mencing cecum which appeared at the point where the coils within the cord 
terminated. (See plate iv. fig. 5.) The umbilical vein (7) may be easily 
traced to the lower part of the liver (9), being there connected with the intes- 
tinal vessels (vena porte? 8). (12) The umbilical arteries. On tracing 
back the fine pedicle of the umbilical vesicle towards the foetus, it may be 
seen, on approaching the intestine, to consist of two filaments, separated by 
the coil of intestine. One of these (11), probably the omphalo-mesenteric 
vein, joins the small intestine almost immediately below the stomach, enlarging 
somewhat at the point of its junction. The other filament (10), the omphalo- 
mesenteric artery, proceeds from the mesenteric vessels. This origin of the 
omphalo-mesenteric artery is shewn in plate iy. fig. 5. 

In another, younger foetus (measuring ;%ths of an inch in length) in the 
possession of Dr. Sharpey, the filament which appears to be identical with the 
omphalo-mesenterie vein was traced further into the abdomen,—namely, 
beneath the intestine to the membrane, and probably to the vessels, which lie 
in the concavity of the first intestinal turn. This feetus is represented in 
fig. 4, plate iv. The canal of the intestine has been cut transversely, and the 
minute filament or vessel is seen passing beneath it. 

Figs. 1, 2, and 3, Plate IIT. are drawings of an ovum and embryo at the 
thirty-fourth day. The ovum was seven lines in diameter ; the embryo two 
and a half lines in length. The intestine consisted of a canal opening by a 


DEVELOPMENT OF THE EMBRYO. 637 


intestinal canal or of the Wolffian bodies can be perceived. It 
subsequently, however, communicates with both these parts. 
As the allantois is developed, its walls become very vascular, 
containing the ramifications of what become the umbilical arte- 
ries and vein. It grows rapidly, and elongates itself until it 


Fig. 76. 


reaches the chorion, in the villi of which membrane the um- 
bilical vessels are brought into connection with the parent by 
means of the placenta, presently to be described. In Mam- 
malia, the vessels conveyed by the allantois are distributed 
only at that part in which the placenta exists; but in birds, 
the allantois with its vessels envelops the entire embryo; it 
forms a very vascular layer lining the interior of the egg-shell, 
and affords by this means an extensive surface in which the 


very wide orifice into the umbilical yesicle at the point where the abdominal 
lamina is reflected into the amnion ; so that, in the situation of the future 
duct of the vesicle, there was merely a slight constriction. The embryo had 
three pairs of branchial clefts and arches, behind which, in the middle line, 
and projecting from the anterior face of the embryo, was situated the tubular 
heart (see fig. 2). After Muller. 

* Fig. 76. The lower part of the body of a bitch’s embryo, magnified tari 
diameterse The mucous and vascular layers of the germinal membrane are 
turned back to shew («) the pedicle of the umbilical vesicle at its entrance 
into the abdominal cavity. 4. b. The two cellular masses out of which (in the 
bitch) the allantois is formed. After Bischoff. 
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blood may he aerated. In placental Mammalia the aerating 
function is discharged by the placenta. 

As the visceral lamine close in the abdominal cavity, the 
allantois is thereby divided at the umbilicus into two portions: 
the larger proceeding with the umbilical vessels to the chorion, 
while the smaller is retained in the abdomen, and converted 
into the urinary bladder. These two portions are connected 
together by a constricted part, named the wrachus. 


The Chorion and Placenta. 


The mode in which the human embryo is connected with the 
uterus, for the purpose of drawing from the parent the supplies 
of nutriment necessary for its growth and development, must 
now be considered. 

It has been already said that during its passage along the 
Fallopian tube, the ovum acquires a layer of albumen, and that 
this subsequently coalesces with the zona pellucida to form the 
chorion on the surface of which little villous processes shortly 
arise, giving the globular mass containing the ovum a shreddy 
flocculent appearance. The villi of the chorion consist at first 
entirely of cells bounded by an external layer of textureless 
membrane which gives their form (Goodsir), When the ovum, 
with its villous chorion, reaches the uterus, the villi become 
imbedded in the secretion poured forth by the enlarged folli- 
cular glands of the mucous membrane of that organ ; and from 
this they, doubtless, derive the nutriment on which the embryo 
at first subsists. 

Further provision is, however, shortly made for procuring 
nourishment, by the development of blood-vessels within the 
villi and the junction of these with the branches of the umbili- 
cal vessels brought by the allantois to the chorion. The fetal 
vessels thus come into intimate relation with the vessels of the 
uterus. The part at which this relation between the vessels of 
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the fetus and those of the parent ensues is not, however, over 
the whole surface of the chorion ; for, although all the villi be- 
come vascular, yet in the human subject, it is at one part only 
that they are greatly developed, and by their branching give 
rise, with the vessels of the uterus, to the formation of the 
placenta (fig. 77). 


Fig. 77." 


| 
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* Fig. 77 represents a perpendicular section of a uterus with a fully formed 
ovum, A plug of lymph (1) occupies the cervix uteri ; 2, indicates the opening 


of the Fallopian tube of one side ; 3, the decidua vera; 4, the cavity of the 
uterus nearly filled by the ovum ; 5, the decidua reflexa; 6, the chorion ; 


| 
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The ovum appears to have a firm connection with the uterus 
in all Mammalia, with the exception of the Marsupialia and 
Monotremata. The means of attachment are always either 
vascular villi or folds of the chorion. The chorion receives its 
blood-vessels from the umbilical vessels of the fcetus, which are 
distributed upon the allantois, and by it are conducted to the 
chorion. The villi are sometimes distributed over the whole 
surface of the chorion ; sometimes they form a zone around the 
ovum ; at other times they are collected into several masses, 
or cotyledons, scattered over the chorion; and lastly, in man 
and some other animals, they form a single placenta upon one 
side of the chorion. 

The human placenta is composed of two parts, the placenta 
Jetaiis and the placenta uterina, intermingled. The fcetal pla- 
centa consists entirely of dense tufts of branched vascular villi, 
whilst the uterine placenta is formed of the substance of the 
decidua, which receives the villi of the fetal placenta, and 
completely encloses them. 


7, the decidua serotina (see p. 624) ; 8, the allantois and the situation of the 
future placenta ; 9, the amnion ; 10, the umbilical vesicle; 11, the umbili- 
cal cord. An examination of the above diagram, with the remembrance of 
what has been said before, will explain the parts of which the umbilical cord 
consists: viz. 1, the remains of the omphalo-mesenteric duct, or pedicle of the 
umbilical vesicle ; accompanied by 2, the omphalo-mesenteric vessels, branches 
of the mesenteric vessels of the feetus ; 3, the urachus ; and, 4, the umbilical 
vessels, which in the later period of uterine gestation constitute the principal 
part of the umbilical cord. The whole of these parts are held together in the 
umbilical cord by the sac of the amnion, which, as it is reflected upon the 
body of the embryo at the umbilicus, forms a sheath to the cord. In mam- 
miferous animals there are generally two umbilical veins as well as two arteries ; 
but in the human subject there is but one umbilical vein with two umbilical 
arteries. The umbilical arteries are the main branches of the internal iliac 
arteries. They convey the blood of the foetus into the placenta, whence it 
is returned by small veins, which by their union form the umbilical vein, 
The umbilical vein, of which the persistent vena abdominalis of reptiles and 
Amphibia is the analogue, pours its blood partly into the yena porte and 
partly through the duetus venosus into the vena cava. 
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The ends of the fetal villi contain 
the inosculating loops of the minute 
branches of the umbilical arteries and 
veins of the foetus ; each vessel makes 
several turns from one loop into 
another before it enters the nearest 
venous trunk (see figs. 78 and 79). 
According to Dr. Reid, the blood sent 
from the mother to the placenta is - 
poured by the curling arteries of the 


* Fig. 78 represents the villi of the foetal portion of a mature human pla- 
centa magnified 100 diameters. After E. H. Weber. The capillary vessels 
are filled with injection, and their diameter varies from >+5 to >}, of a 
French line. 1, the artery ; 2, the vein. 

+ Fig. 79 is the extremity of a villus magnified 200 diameters, After 
Weber. The loop, 1, is filled with blood ; the other loop, 2, is empty ; 3, is 
the margin of the pellucid villus. 
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uterus (1, fig. 80 and fig. 81), “into a large sac (3, fig. 81), 
formed by the inner coat of the vascular system of the mother, 
which is intersected in many thousand different directions by 


Fig. 80. 


the placental tufts (3, fig. 80), projecting into it like fringes, 
and pushing its thin wall before them in the form of sheaths, 
which closely envelop both the trunk and each individual branch 
composing these trunks (fig. 81). From this sac the maternal 
blood is returned by the utero-placental veins (2, fig. 81).” 


Fig. 81. 
fi 
i 
ae | Kea St 


FD 


B 


at Stir APL OL: “ 
syantld A tots’: CRB ey Ag op 


NS a ait 


) 
(a 


It thus appears that the tufts and villi of the feetal portion of 
the placenta are completely ensheathed by the lining membrane 
of the vascular system of the mother. It would seem, also, from 
the observations of Professor Goodsir, that, at the villi of the 
placental tufts, where the foetal and maternal portions of the pla- 
centa are brought into close relation with each other, the blood 
in the vessels of the mother is separated from that in the vessels 
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of the foetus by the intervention of two distinct sets of nucleated 
cells. One of these belongs to the maternal portion of the placen- 
ta, is placed between the membrane of the villus and that of the 
vascular system of the mother, and is probably designed to se- 
parate from the blood of the parent the materials destined for 
the blood of the fetus; the other belongs to the fcetal por- 
tion of the placenta, is situated between the membrane of the 
villus and the loop of vessels contained within, and probably 
serves for the absorption of the material secreted by the other 
set of cells, and for its convey- 
ance into the blood-vessels of the 
fetus. (See fig. 82.) Between 
the two sets of cells with their 
investing membrane there exists 
a space, d, into which it is pro- 
bable that the materials secreted 
by the one set of cells of the 
villus are poured, in order that 
they may be absorbed by the other set, and thus conveyed into 
the fcetal vessels. 


DEVELOPMENT OF ORGANS. 


It remains now to consider in succession the development of 
the several organs and systems of organs in the further progress 
of the embryo. 


Development of the Vertebral Column and Cranium. 


The primitive part of the vertebral column in all the Verte- 
brata is the gelatinous chorda dorsalis, which consists entirely of 


* Fig. 82. Extremity of a placental villus. «@. Lining membrane of the 
vascular system of the mother, 4. External cells of the villus, d. Space 
between the maternal and fetal portions of the villus. e¢. Internal membrane 
of the villus, or external membrane of the chorion. f£ Internal cells of the 
villus, or cells of the chorion. g. Loop of umbilical vessels. After Goodsir. 
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cells (p. 628). This cord tapers toa point at the cranial and cau- 
dal extremities ofthe animal. In the progress of its development 
it is found to become enclosed in a membranous sheath, which 
at length acquires a fibrous structure, composed of transverse 
annular fibres. The chorda dorsalis is to be regarded as the 
azygous axis of the spinal column, and in particular of the 
future bodies of the vertebrae, although it never itself passes 
into the cartilaginous or the osseous state, but remains enclosed 
as in a case within the persistent parts of the vertebral column 
which are developed around it. It is permanent, however, only 
in a few animals: in the majority it disappears at an early 
period. 

The cartilaginous or osseous veretebree are always first deve- 
loped in pairs of lateral elements at the sides of the chorda dor- 
salis. From these lateral elements are formed the bodies and 
the arches of the vertebree. In some animals, as the sturgeon, 
however, the lateral elements of the vertebree undergo no further 
development, and it is here that the chorda dorsalis is persistent 
through life. In the myxinoid fishes the spinal column presents 
no vertebral segments, and there exists merely the chorda dor- 
salis with the fibrous layer surrounding its sheath, which is the 
layer in which the skeleton originates. This fibrous layer also 
forms superiorly the membranous covering of the vertebral 
canal. 

In reptiles, birds, and mammals, the mode in which the 
vertebrae are formed around the chorda dorsalis seems to be 
different. The peculiarity of this type is, at all events, distinct 
in the class of birds. Here the vertebree, in that part of the spinal 
column which belongs to the trunk, are developed from a single 
pair of elementary parts. When the formation of these parts 
from the blastema commences, there appears at each side of the 
chorda dorsalis a series of quadrangular figures, the rudiments of 
the future vertebra. (Fig. 70, p. 629.) These gradually increase 
in number and size, so as to surround the chorda both above and 
below, sending out, at the same time, superiorly, processes to 
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form the arches destined to enclose the spinal cord. In this 
primitive condition the body and arches of each vertebra are 
formed by one piece on each side. At a certain period these 
two primary elements, which have become cartilaginous, unite 
inferiorly by a suture. The chorda is now enclosed in a case, 
formed by the bodies of the vertebree, but it gradually wastes 
and disappears. Before the disappearance of the chorda, the 
ossification of the bodies and arches of the vertebrze begins at 
distinct points. 

The ossification of the body is first observed at the point 
where the two primitive elements of the vertebrae have united 
inferiorly. Those vertebrae which do not bear ribs, such as the 
cervical vertebree, have generally an additional centre of ossifi- 
cation in the transverse process, which is to be regarded as an 
abortive rudiment of a rib. In the feetal bird these additional 
ossified portions exist in all the cervical vertebrae, and gradually 
become so much developed in the lower part of the cervical re- 
gion as to form the upper false ribs of this class of animals. 
The same parts exist in Mammalia and man; those of the last 
cervical vertebra are the most developed, and in children may, 
for a considerable period, be distinguished as a separate part on 
each side, like the root or head of a rib. 

The true cranium is a prolongation of the vertebral column, 
and is developed at a much earlier period than the facial bones. 
Originally, it is formed of but one mass, a cerebral capsule, the 
chorda dorsalis being continued into its base, and ending there 
with a tapering point. This relation of the chorda dorsalis to 
the basis of the cranium is persistent through life in some fish, 
e.g., the Sturgeon. The first appearance of a solid support at 
the base of the cranium observed by Miiller in fish, consists of 
two elongated bands of cartilage, one on the right, and the other 
on the left side, which are connected with the cartilaginous 
capsule of the auditory apparatus, and united with each other 
in an arched manner anteriorly beneath the anterior end of the 
cerebral capsule. Hence, in the cranium, as in the spinal 
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column, there are at first developed at the sides of the chorda 
dorsalis two symmetrical elements, which subsequently coalesce, 
and may wholly enclose the chorda. 

At a later period the base of the cranium contains three 
parts analogous to the bodies of vertebree ; the most anterior of 
which, in the majority of animals, is small, and its development 
frequently abortive, whilst in man and mammiferous animals 
the three are very distinct. These parts are developed by the 
formation of three distinct points of ossification, one behind the 
other, in the basilar cartilage. The three ossified portions become 
united by sutures, and in mammals form a rod-like body, taper- 
ing towards its anterior extremity, and giving attachment at its 
sides to the lateral parts of the three vertebre. 


Development of the Face and Visceral Arches. 


Before the development of the face, the visceral cavity of the 
cephalic region is formed superiorly by the primitive rudimentary 
structure which contains the encephalon, the cerebral capsule ; 
whilst the lower and lateral walls of that cavity are formed by 
the anterior “ visceral arch.” At this period there is no nasal 
cavity, and the visceral cavity of the head extends uninterrupt- 
edly from the first visceral arch to the cerebral capsule. In birds 
and mammiferous animals there are three visceral arches, and 
also three visceral clefts. The first cleft becomes converted into 
the external auditory passage, the tympanum, and the Eusta- 
chian tube ; the second and the third are obliterated. 

The face is originally formed of a middle portion proceeding 
from the forehead, or frontal process, and of a lateral portion on 
each side, derived from the superior extremity of the first visceral 
arch. These parts are at first separate. The lateral and the infe- 
rior parts, destined to form the superior and inferior maxillary ap- 
paratus, are both derived from the first visceral arch, in which an 
angular bend appears; the part above this bend being converted 
into the superior maxillary mass, and that below it into the in- 
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ferior maxillary apparatus (see fig. 83). The superior maxillary 
mass, in its growth, approaches the frontal process, and unites 
with it; a cavity being left beneath that process and between 


Fig. 83.* 


the two superior maxillary masses, which becomes the nasal 
cavity. By the union of the superior maxillary masses (the 
superior maxilla and palate bone) of opposite sides beneath this 
cavity, the separation of the nose from the mouth by the palate 


is effected. 
The mode of development of the face affords an explanation 
of the anormal cleft palate and the congenital cleft between the 


* Fig. 83. Development of the parts of the face in the embryo of Triton 
teniatus. a, an embryo four lines long, magnified: B, another embryo, fur- 
ther advanced in development. After Reichert. 1, the first visceral arch, or 
inferior arch cf the first cephalic vertebra (incorrectly marked 2 in the figure 
4); 2, the second visceral arch; 3, the second visceral process; 4, the first 
visceral cleft; 5, the second visceral cleft; 6, the nasal or anterior frontal 
process ; 7, rudiments of the superior maxilla; 8, rudiments of the superior 
intermaxillary bone; 9, the cleft between the nasal or anterior frontal pro- 
cesses; 10, the external nasal opening ; 11, the eye ; 12, the small elevation 

of the lachrymal bone; 13, the opening of the cephalic visceral cavity or 
mouth ; 14, the external branchie ; 15, the membranous branchial operculum; 
16, elevated ridge pushed forwards by the heart and its aortic arches, 
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upper maxillary and the intermaxillary bone, and of those con- 
genital fissures which pass between the intermaxillary bone and 
upper jaw, as far upwards as the orbital cavity. Congenital 
clefts of this kind are the results of an arrest of development 
occurring during the primitive conditions of the parts. 

The first visceral arch, according to Reichert, produces the 
superior maxillary apparatus, the under jaw, and a part of the 
ossicula auditts, namely, the malleus and the incus. From the 
second visceral arch are formed the stapes of the ear, and the 
suspensory apparatus of the hyoid bone, 2. e., the styloid process 
of the temporal bone, the ligamentum stylo-hyoideum, and the © 
smaller cornu of the os hyoides. The posterior cornua, and the 
body of the hyoid bone, are developed from a cartilaginous band 
contained in the third visceral arch. 


Development of the Extremities. 


The extremities are developed in an uniform manner in all 
vertebrate animals. They appear in the form of leaf-like 
elevations from the parietes of the trunk (see fig. 84), at 


Fig. 84. * 


" Fig. 84. A human embryo of the fourth week, 3 lines in length. 
2, the chorion ; 3, part of the amnion; 4, umbilical vesicle with its long 
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points where more or less of an arch will be produced for 
them within. The primitive form of the extremity is nearly 
the same in all Vertebrata, whether it be destined for swimming, 
crawling, walking, or flying. In the human feetus the fingers 
are at first united as if webbed for swimming ; but this is to 
be regarded not so much as an approximation to the form of 
aquatic animals, as the primitive form of the hand, the indi- 
vidual parts of which subsequently become more completely 
isolated. 


Development of the Vascular System. 


The first development of the vascular system and heart in 
the germinal membrane has been already alluded to. The 
earliest form of the heart presents itself as a solid compact mass 
of embryonic cells, similar to those of which the other organs of 
the body are constituted. It is at first unprovided with a 
cavity: but this shortly makes its appearance, resulting appa- 
rently from the separation from each other of the cells of the 
central portion. A liquid is now formed in the still closed 
cavity, and the central cells may be seen floating within it. 
These contents of the cavity are soon observed to be propelled 
to and fro with a tolerable degree of regularity, owing to the 
commencing pulsations of the heart. These pulsations take 
place even before the appearance of a cavity, and immediately 
after the first ‘laying down” of the cells from which the heart 
is formed. At first they seldom exceed from fifteen to eighteen 
in the minute. The fluid within the cavity of the heart shortly 
assumes the characters of blood. At the same time the cavity 
itself forrms a communication with the great vessels in contact 


pedicle passing into the abdomen ; 7, the heart ; 8, the liver ; 9, the visceral 
arch destined to form the lower jaw, beneath which are two other visceral 
arches separated by the branchial clefts ; 10, rudiment of the upper extre- 
mity ; 11, that of the lower extremity ; 12, the umbilical cord ; 15, the eye ; 
16, the ear; 17, the cerebral hemispheres ; 18, the optic lobes or corpora 
quadrigemina, 

FF 
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with it, and the cells of which its walls are composed are 
transformed into fibrous and muscular tissues, and into epithelium. 

Blood-vessels appear to be developed in two ways, according 
to the size of the vessels. In the formation of large blood- 
vessels, masses of embryonic cells similar to those from the 
heart and other structures of the embryo are developed, ar- 
range themselves in the position, form, and thickness of the 
developing vessel. Shortly the cells in the interior of a column 
of this kind seem to be developed into blood-corpuscles, while 
the external layer of cells is converted into the walls of the 
vessel. In the development of capillaries, another plan is pur- 
sued. This has been well illustrated by Kolliker (xxxi. August, 
1846), as observed in the tails of tadpoles. 

The first lateral vessels of the tail have the form of simple 
arches, passing between the main artery and vein, and are pro- 
duced by the junction of prolongations sent from both the artery 
and vein, with certain elongated or star-shaped cells, in the 
substance of the tail. When these arches are formed, and are 
permeable to blood, new prolongations pass from them, join 
other radiated cells, and thus form secondary arches. In this 
manner the capillary net-work extends in proportion as the tail 
increases in length and breadth, and it, at the same time, be- 
comes more dense by the formation, according to the same plan, 
of fresh vessels within its meshes. The prolongations by which 
the vessels communicate with the star-shaped cells, consist at 
first of narrow pointed projections from the side of the vessels, 
which gradually elongate until they come in contact with the 
radiated processes of the cells. The thickness of such a pro- 
longation often does not exceed that of a fibril of fibrous tissue, 
and at first it is perfectly solid ; but by degrees, especially after 
its junction with a cell, or with another prolongation, or with a 
vessel already permeable to blood, it enlarges, and a cavity then 
forms in its interior (see fig. 85, 1). With Kélliker’s account 
our own observations made on the fine gelatinous tissue convey- 
ing the umbilical vessels of a sheep’s embryo to the uterine 
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cotyledons, completely accord. This tissue is well calculated 
to illustrate the various steps in the development of blood-ves- 
sels from elongating and branching cells (see cLxxiv. p. 104). 


Fig 85.* 


* Fig. 85. Capillary blood-vessels of the tail of a young larval frog. Mag- 
nified 350 times. After Killiker. a, capillaries permeable to blood ; 4, fat 
granules attached to the walls of the vessels, and concealing the nuclei; ¢, hol- 
low prolongation of a capillary, ending in a point ; d,a branching cell with 
nucleus and fat-granules ; it communicates by three branches with prolonga- 
tions of capillaries already formed ; e, blood-corpuscles still containing granules 
of fat. 

FF 2 
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About the time that the heart at its lower extremity receives 
the venous trunks, and at its upper extremity divides into the 
arterial trunks or aortic arches, it becomes curved from a straight 
into a horse-shoe form, and shortly divides into three cavities 
(fig. 86). Of these three cavities, which are developed in all 


Fig. 86.* 
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Vertebrata, the most posterior is the simple auricle ; the mid- 
dle one the simple ventricle ; and the most anterior the bulbus 
arteriosus. These three parts of the heart contract in succession. 
The auricle and the bulbus arteriosus at this period lie at the 
extremities of the horse-shoe. The bulging out of the middle 
portion inferiorly gives the first indication of the future form of 
the ventricle. (See fig. 86.) The great curvature of the horse- 
shoe by the same means becomes much more developed than 
the smaller curvature between the auricle and bulbus; and the 
two extremities, the auricle and bulb, approach each other supe- 
riorly, so as to produce a greater resemblance to the later form 
of the heart, whilst the ventricle becomes more and more deve- 
loped inferiorly. The heart of fishes retains these three cavi- 
ties, no further division by internal septa into right and left 
chambers taking place. In Amphibia also the heart through- 
out life consists of the three muscular divisions which are so 
early formed in the embryo; but the auricle is divided inter- 
nally by a septum into a pulmonary and a systemic auricle. In 
reptiles, not merely the auricle is thus divided into two cavities, 
but a similar septum is more or less developed in the ventricle. 
In birds, mammals, and the human subject, both auricle and 


* Fig. 86. Heart of the chick at the 45th, 65th, and 85th hours of 
incubation, 1, the yenous trunks ; 2, the auricle ; 3, the ventricle ; 4, the 
bulbus arteriosus, (After Dr. Allen Thomson.) 
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ventricle undergo complete division by septa ; whilst in these 
animals, as well as in reptiles, the bulbus aortz is not perma- 
nent, but becomes lost in the ventricles. The septum dividing 
the ventricle commences at the apex and extends upwards. 
(See fig. 87.) When it is complete, a septum is developed in 


Fig. 87.* 


the bulbus aorte separating the roots of the proper aorta and 
the pulmonary artery. The septum of the auricles is deve- 
loped from a semilunar fold, which extends from above down- 
wards. In man, the septum between the ventricles, according 
to Meckel, begins to be formed about the fourth week, and at 
the end of eight weeks is complete. The septum of the auricles, 
in man and all animals which possess it, remains imperfect 
throughout fetal life. When the partition of the auricles is first 
commencing, the two vena cavee have different relations to the 
two cavities. The superior cava enters, as in the adult, into 
the right auricle; but the inferior cava is so placed that it ap- 
pears to enter the left auricle, and the posterior part of the sep- 
tum of the auricles is formed by the Eustachian valve, which 


* Fig. 87. Heart of a human embryo of about the fifth week. a, the 
heart opened on the abdominal aspect: 1, the bulbus arteriosus ; 2, two aortic 
arches which unite posteriorly to form the aorta ; 3, the auricle; 4, the open- 
ing from the auricle into the ventricle (6), which is laid open ; 5, the septum 
rising from the lowest part of the cavity of the ventricle ; 7, the vena cava 
inferior. B, The same heart viewed from behind: 1, the trachea ; 2, the 
lungs ; 3, the ventricle ; 4, 5, the large atrium cordis or auricle ; 6, the dia- 
phragm ; 7, the aorta descendens ; 8, the nervus vagus; 9, its branches ; 
10, continuation of the nervus vagus. After Von Baer. 
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extends from the point of entrance of the inferior cava Sub- 
sequently, however, the septum, growing from above down- 
wards, becomes directed more and more to the left of the vena 
cava inferior. During the entire period of fetal life, there re- 
mains an opening in the septum, which the valve of the 
foramen ovale, developed in the third month, imperfectly 
closes. 

Aortic Arches and Pulmonary Vessels—In the early em- 
bryoes of all vertebrate animals the blood is distributed from 
the bulbus aorte in arches towards either side, and, after pass- 
ing round the circumference of the visceral cavity, is again col- 
lected in front of the vertebral column into a single vessel, the 
aorta descendens. The aortic arches are always several in 
number, and at first lie in connection with the visceral arches. 
In those animals which breathe by branchia, and in which the 
visceral arches partly serve for the formation of the branchial 
apparatus, each of the aortic arches is resolved into two parallel 
vessels, one arterial, which comes from the heart and ramifies 
wholly in the branchiz ; and the other venous, which arises in 
the branchial laminz and unites with the veins of the other 
branchize in front of the aorta to form the descending aorta. In 
the Amphibia the same structure exists for a certain period ; 
but afterwards the branchial vessels are again transformed into 
three aortic arches, which, when the branchial apparatus has 
ceased to exist, sink deeper into the thoracic cavity and become 
permanent. 

In Mammalia the aortic arches are soon reduced to three, 
one of which is the persistent arch of the aorta, whilst the other 
two are the ductus arteriosi of the pulmonary artery. Of these 
ductus arteriosi the right also disappears; so that during the 
remainder of foetal life only two aortic arches exist, one arising 
from the right, and the other from the left ventricle (fig. 88). 
The former of these gives off the arteries to the lungs, the latter 
the vessels to the upper parts of the body. These two arches 
are of equal size, and so remain until the foetus has attained its 
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maturity. After birth the posterior portion of the arch which 
arises from the right ventricle 
(the ductus arteriosus Botalli) 
rapidly becomes narrowed,and in 
the course of the first few weeks 
after birth its cavity is entirely 
obliterated : the anterior portion 
becomes the trunk of the inde- 
pendent arterize pulmonales. At 
the same time the closure of the 
foramen ovale takes place. 
Veins.— The conformation of the venous system also is at 
first the same in the embryoes of all vertebrate animals, and 
subsequently departs in various ways from the common primi- 
tive type. In the original condition there are two anterior 
venous trunks (the jugular veins), and two posterior trunks, the 
cardinal veins. One of the anterior trunks, and one of the 
posterior, unite on each side and form a transverse canal,—the 
ductus Cuvierl. The two ductus Cuvieri unite beneath the 
cesophagus to form a shorter main canal which enters the auricle, 
—at that time a simple cavity. The cardinal veins are 


* Fig. 88. Plan of the transformation of the system of aortic arches into 
the permanent arterial trunks in mammiferous animals; after Von Baer. 1, 
situation of the original single trunk which arose from the single ventricle, and 
which has become divided into two tubes : it gave off five pairs of aortic arches, 
which terminated in the two roots of the aorta (2, 2’). Those of the arches 
which are obliterated at a very early period are marked by dotted lines. The 
first arch of the right side with the root of the aorta of that side (2°) which 
remains longer, and forms the right ductus arteriosus, is drawn as a very nar- 
row vessel, with a dotted line on each side. ‘The vessels which still exist at 
birth are drawn of the full size. These are the first arch of the left side, con- 
stituting the ductus arteriosus Botalli, which is in greater part obliterated soon 
after birth, and the second arch of the left side, constituting the permanent 
arch of the aorta (3). The subclavian arteries (4) and the carotid arteries (5) 
are formed from parts of the other primitive aortic arches. After the obliter- 
ation of the left ductus arteriosus the pulmonary arteries are the only remains 
of the first pair of aortic arches. 
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originally formed by the caudal veins, branches from the kid- 
neys and Wolffian bodies, and others from the dorsal parietes 
of the trunk, which are at a later period the intercostal and 
lumbar veins ; and in animals which have lower extremities 
the two cardinal veins also receive the crural veins. 

The omphalo-mesenteric vein, vena omphalo-meseraica, which 
receives the veins of the mesentery, is common to all vertebrate 
animals. It passes with the two ductus Cuvieri to the auricle. 
When the liver is formed, this vein gives branches to it, and re- 
ceives from it others, the vene hepatic. Between the two 
sets of hepatic veins the trunk of the omphalo-mesenteric be- 
comes obliterated, and then the vena portze is formed as an in- 
dependent vessel conveying blood to the liver, while the same 
blood is carried out of the organ by the distinct vene hepa- 
tice. 

The umbilical vein originally terminates in that part of the 
omphalo-mesenteric vein which is about to enter the heart, and 
which subsequently forms the most anterior or superior part of the 
vena cava inferior. At a later period it sends branches to the 
liver, while its trunk and the inferior vena cava remain connect- 
ed by the ductus venosus. 

The circulation of the foetus is essentially distinguished from 
that of the adult human subject by the mingling of the blood of 
the two auricles, which takes place through the opening in their 
septum, also by the further mixture of the blood of the two 
sides of the heart which is effected through the medium of the 
ductus arteriosus Botalli, and further by the circumstance of 
part only of the blood of the right ventricle being sent to the 
lungs. All the blood of the body, or all the blood which the 
two ventricles emit, except the small quantity which the lungs 
receive from the right ventricle, is returned to the right auricle. 
The blood of the left ventricle is sent to the upper parts and 
also to the lower parts of the body ; that of the right ventricle 
passes chiefly through the ductus Botalli, and supplies the lower 
parts of the body. All this blood returns to the right auricle. 
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Only the fractional portion which the right ventricle sends to 
the lungs is collected from those organs in the left auricle. 


Development of the Nervous System. 


The mode in which the rudimentary structures of the cerebro- 
spinal nervous system are formed has been already stated (page 
626). The dorsal lamine, the inner borders of which close in and 
form the canal of the spinal cord, seem to leave a fissure in the 
situation of the medulla oblongata. Between this and the most 
anterior extremity of the canal, several vesicular enlargements, 
the vesicles of the brain, are developed. (See fig. 68, page 
627.) As observed by Von Baer in the chick, the cerebellum 
is formed early ; to produce it the lamine, after having formed 
the fourth ventricle, meet again superiorly and anteriorly, and 
enclose a short canal leading into the vesicle of the optic lobes 
or corpora quadrigemina, the largest of the cerebral vesicles. 
The vesicle in front of that of the optic lobes is the vesicle of 


Fig. 89.* 


* Fig. 69. Early forms of the brain in the embryo, after Tiedemann. a, 
Brain and spinal cord of an embryo of the seventh week. 1, spinal cord; 2, 
enlargement of the spinal cord where it makes a bend forwards , 3, cerebel- 
lum ; 4, optic lobes ; 5, optic thalami; 6, membranous hemispheres of the 
cerebrum ; 7, prominence analogous to the corpus striatum. 3B, Brain of an 
embryo of the ninth week. 1, spinal cord ; 2, cerebellum ; 3, optic lobes; 4, 
optic thalami, enclosing the third ventricle ; 5, cerebral hemispheres. c, Brain 
of an embryo of the twelfth week, viewed from above, the membranous walls 
of the hemispheres being reflected to cither side. 1, spinal cord; 2, cerebel- 
lum ; 3, optic lobes ; 4, optic thalami, between which the third ventricle lies ; 
5, the walls of the hemispheres ; 6, corpora striata ; 7, commencement of the 


658 DEVELOPMENT OF ORGANS. 


the third ventricle, the first formed, and at first the most an- 
terior. In front of it are developed the vesicles of the cerebrum. 
(See fig. 89, a ands.) The nerves of special sense are origi- 
nally hollow processes of the ventricles, the auditory nerve 
arising from the fourth, the optie nerve from the third, and the 
olfactory nerve from the lateral ventricle. The most essential 
parts of the organs of special sense are, therefore, in their origin, 
diverticula, or parts protruded, from the brain. After a certain 
period the vesicle of the corpora quadrigemina does not increase 
in size equally with the other parts, whilst the cerebral hemi- 
spheres become most rapidly developed, and extend backwards 
so as to cover the parts situated behind them. (See fig. 89, 
c, Dp.) The cerebral ganglia are produced by thickening of the 
walls of the primary vesicles; the corpora striata in the most 
anterior or cerebral vesicles, and the optic thalami in the vesi- 
cle of the third ventricle. (Fig. 89, c.) 

According to Professor Retzius (exxxv. 1846), the three lobes 
or portions of the cerebral hemispheres in the human embryo are 
developed, not at once, but at three separate periods. In the 
first of these periods, which extends from the second to the third 
month, the anterior lobes are formed; in the second period, 
comprised between the end of the third and the beginning of the 
fifth month, the middle lobes are formed; last of all, the posterior 
lobes are developed. The inferior horns of the lateral ventricles 
and the hippocampi do not appear until the second period ; at 
this period also the optic thalami make their appearance, and 
after these the tubercula quadrigemina, 
corpus callosum. p, Perpendicular section of the same brain. 1, spinal cord; 
2, bend of the cord forwards ; 3, second bend of the cord upwards; 4, cere- 
bellum ; 5, thin laminze connecting the cerebellum with the optic lobes; 6, 
crura cerebri; 7, optic lobes or corpora quadrigemina ; 8, cavity of the third 
ventricle ; 9, the infundibulum; 10, optic lobe ; 11, optic nerves; 12, margin 
of the fissure leading into the lateral ventricle ; 13, corpus callosum, at this 


period perpendicular in its direction. 
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Development of the Organs of Sense. 


The eye is in part developed as a protruded portion of the 
vesicle of the third ventricle of the brain, and it contains part 
of the membranes of the brain, namely, the fibrous and the 
vascular tunic. The retina is originally a vesicle-like pro- 
trusion of the brain, with the cavity of which it communicates 
through the medium of the tubular optic nerve (fig. 244, A). 


Fig. 90.* 


* Fig. 90. Development of the eye; after Huschke. a, Longitudinal 
section of an eye of an embryo chick of two days, enlarged thirty times. The 
cavities of the retina and optic nerve are seen, the whole being covered by the 
external tegument. c, the cephalic part of an embryo chick of the first half of 
the third day of incubation, magnified seven times ; shewing the eye with the 
capsule of the lens still open, surrounded by the retina, which is folded so as 
to consist of two layers, and presents the cleft inferiorly. There are also seen 
the tubular looped heart, three branchial or visceral arches, and the labyrinth 
of the ear still open. 8, is a section of the eye of the same embryo, through 
the middle of the lens, enlarged thirty times. The semicircular layers of mem- 
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The sac of the transparent media which the eye afterwards con- 
tains communicates at no period with the cavity of the brain. 
The capsule of the lens appears to be developed from an in- 
verted portion of the common integuments, and consequently is 
at a certain period open externally (fig. 90, 8). The inversion 
of the tegument from without depresses the external convex 
surface, which the vesicle of the retina has on the second day 
of incubation, towards the canal of the optic nerve, and the 
anterior half of the vesicle is thus reflected inwards upon it- 
self in the manner of a serous sac. The inverted layer be- 
comes the future retina; the external layer, the membrana 
Jacobi. 

The iris is formed rather late, but its circle is complete at its 
first development. In the eye of the foetus of Mammalia and 
man the pupil is closed by a delicate membrane, the membrana 
puptllaris, the blood-vessels of which are derived from the ante- 
rior surface of the iris. From the pupillary margin of the iris 
there likewise extends backwards the vascular membrana cap- 
sulo-pupillaris, which connects the margin of the capsule of the 
lens with the margin of the iris. 

The eyelids of the human subject and mammiferous animals, 
like those of birds, are first developed in the form of a ring. 
They then extend over the globe of the eye until they meet and 
become firmly agglutinated to each other. But before birth, or 
in the Carnivora after birth, they again separate. 

The ear likewise consists of a part developed from within and 
of one formed externally. The labyrinth is developed upon the 
hollow protruded part of the brain which forms the auditory 
brane are seen. The most internal is the very thick capsule of the lens; the 
next is the true retina, the most external is Jacob's membrane. pb, the eye of 
a chick of the third day of incubation, shewing the same parts as figure c on 
a larger scale, x, is the section of an eye at the fourth day of incubation of 
the chick, magnified thirty times. The capsule of the lens is now closed, is 
covered with conjunctiva, and contains a conical nucleus, the lens. The vitre- 


ous humour is deyeloped between the capsule of the lens and the retina: ex- 
ternal to the two layers of the retina is the sclerotic coat. 


DEVELOPMENT OF ORGANS. 661 


nerve. It appears first in the form of an elongated vesicle at 
the hinder part of the head of very young embryoes above the 
second so-named branchial cleft. From it is developed a second 
vesicle, the rudiment of the cochlea, the convolutions of which 
are then formed. The semicircular canals are produced, as 
diverticula of the vestibule, which terminate by again commu- 
nicating with the same cavity. 

The Eustachian tube, the cavity of the tympanum, and the 
external auditory passage, are remains of the first branchial 
cleft. The membrana tympani divides the cavity of this cleft 
into an internal space, the tympanum, and the external meatus. 
The mucous membrane of the mouth, which is prolonged in the 
form of a diverticulum through the Eustachian tube into the 
tympanum, and the external cutaneous system come into rela- 
tion with each other at this point, the two membranes being 
separated only by the proper membrane of the tympanum. 


Development of the Alimentary Canal. 


The alimentary canal, which, as already described, is a kind 
of diverticulum from the umbilical vesicle, is at first an uniform 
straight tube, which gradually becomes divided into its special 
parts, stomach, small intestine, and large intestine (fig. 91). 
The stomach originally has the same direction as the rest of the 
canal; its cardiac extremity being superior, its pylorus inferior. 
The first changes of position which the alimentary canal under- 
goes consist in the stomach assuming an oblique direction, and 
in the small intestine taking a new course from the stomach to- 
wards the navel, and, after making an abrupt bend there, 
returning towards the middle of the body in order to make its 
final curve to reach the anus. The limit between the small and 
the large intestine lies in the part returning from the umbilicus, 
the ductus omphalo-mesentericus being connected with the lower 
part of the small intestine. (See plate iv. fig. 4.) The part of 
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the small intestine near the umbilicus gradually becomes elon- 
gated and convoluted (see plate iii.), and at the same time the 
large intestine rises so as to form its great arch round the 
greater part of the small intestine. 


* Fig. 91. An embryo dog, representing the junction of the umbilical 
vesicle with the intestinal canal. a, rudimentary nostrils ; 4, rudimentary 
eyes ; ¢, the first visceral arch ; d, the second visceral arch ; e, the right, /, the 
left auricular appendage ; g, the right, 4, the left ventricle of the heart ; ¢, the 
aorta ; 4, the liver, between the two lobes of which is perceived the divided 
orifice of the omphalo-mesenteric vein ; /, the stomach; m, the intestine, 
communicating with the umbilical vesicle, x; 0, the Wolffian bodies; p, 
the allantois; q, the upper extremities; 7, the lower extremities. After 
Bischoff. 
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The principal glands in connection with the intestinal canal 
are the salivary pancreas and the liver. In Mammalia each 
salivary gland first appears as a simple canal with bud-like 
processes (fig. 92), lying in a gelatinous nidus or blastema, and 
communicating with the cavity of the mouth. As the deve- 
lopment of the gland advances, the canal becomes more and 
more ramified, increasing at the expense of the blastema in 
which it is still enclosed. The branches or salivary ducts con- 
stitute an independent system of closed tubes (fig. 93). The 
pancreas is developed exactly as the salivary glands. 


Fig. 92.* Fig. 93.+ 


The liver in the embryo of the bird is developed by the pro- 
‘trusion, as it were, of a part of the walls of the intestinal canal, 
}in the form of two conical hollow branches which embrace the 


* Fig. 92. First appearance of parotid gland in the embryo of a sheep. 
+ Fig. 93. Lobules of the parotid, with the salivary ducts, in the embryo 


of the sheep at a more advanced stage. 
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common venous stem (fig. 94). The cones increase in length, 
pushing before them ramifications of blood-vessels, while their base 


Fig. 94.* 


becomes gradually narrowed, and assumes the form of a cylin- 
drical duct. At the same time internal ramifications are deve- 
loped in the cavities of the cones, and these become united at 
their base, in consequence of more and more of the surrounding 
part of the intestinal parietes being taken up to form them, till at 
last the part that separated them is removed to a distance from 
the intestine; and the cavities, originally double, open by one 
mouth into the intestinal. The gall-bladder is developed as a 
diverticulum from the hepatic duct. 


Development of the Respiratory Apparatus. 


The lungs, at their first development, appear as small tu- 
bercles or diverticula from the abdominal surface of the cesopha- 
gus. They are united at the anterior part of their cireumfer- 
ence and here a pedicle is formed which becomes elongated into 
the trachea. (See fig. 95, a,B.) Soon afterwards, the lung is 


* Fig. 94. Rudiment of the liver on the intestine of a chick at the fifth 
day of incubation. 1, heart ; 2, intestine; 3, diverticulum of the intestine, 
in the coats of which the liver (4) is developed ; 5, part of the mucous 
layer of the germinal membrane. 
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seen to consist of a mass of cecal tubes issuing from the branches 
of the trachea. (Fig. 95, c.) The diaphragm is early deve- 


loped. 
Fig. 95.* 


The Wolfian Bodies, Urinary Apparatus, and Sexual Organs. 


The Wolffian bodies have been already several times men- 
tioned. They are organs peculiar to the embryonic state, and 
may be regarded as temporary, though not rudimental, kidneys ; 
for they seem to discharge the functions of these latter organs, 
though they are not developed into them. They probably bear 
the same relation to the persistent kidneys, as the branchiz of 
Amphibia do to the lungs which succeed them. 

In Mammalia the Wolffian bodies are bean-shaped, and are 
composed of transverse ceecal canals, united by an excretory duct 
which leads from the lower extremity of the organ to the sinus 
urogenitalis or cloaca of the fuetus. (See fig. 96, 4.) The kid- 
neys (2) and suprarenal capsules (1) are developed behind them. 
Their size is at first so great, that they entirely conceal the 
kidneys ; but in proportion as the latter bodies increase in size, 


* Fig. 95 illustrates the development of the respiratory organs. a, is the 
wsophagus of a chick on the fourth day of incubation, with the rudiments 
of the trachea and the lung of the left side, viewed laterally : 1, the inferior 
wall of cesophagus ; 2, the upper wall of the same tube ; 3, the rudimentary 
lung ; 4, the stomach. BB, is the same object seen from below, so that both 
lungs are visible. c, shews the tongue and respiratory organs of the embryo 
of a horse: 1, the tongue; 2, the larynx; 3, the trachea; 4, the lungs 
viewed from the upper side, After Rathke. 
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they grow relatively smaller, and come to be placed more in- 
feriorly. Along the outer border of the gland runs the efferent 
part of the generative apparatus (5), viz. the Fallopian tube or 
the vas deferens, which at first have the same conformation, 
and terminate by a free extremity ; whilst the testicle or ovary 
(2) is formed independently at the internal excavated border of 
the organ. Subsequently the efferent tube and the testicle in 
the male become connected by transverse vessels, whilst in the 
female the extremity of the efferent tube 
merely acquires an open mouth. In both sexes 
the Wolffian bodies entirely disappear, and 
are not converted into any other organ. The 
epididymis is developed independently, that 
part which consists of the coni vasculosi being 
formed of the communicating tubes which 
connect the efferent tube with the testis, 
and the rest being constituted by the con- 
volutions of the efferent tube itself. All that 
part of the efferent tube of the generative apparatus which is 
thrown into strongly marked convolutions along the outer bor- 
der of the Wolffian body, contributes to the formation of the 
epididymis, and from the point where the convolutions cease, 
a band or ligament, the gubernaculum testis Hunteri, which 
was developed before these convolutions of the tube were 
visible, and contains fibres of the cremaster muscle, passes off to 
the inguinal canal, and subsequently serves to guide the testis 
into the scrotum. In the female the tube remains free from 
convolutions, but from the same point as in the male, a liga- 
ment, afterwards the round ligamentum of the uterus, extends 


*“ Fig. 96. Magnified representation of the urinary and generative or- 
g g P ) g 
gans of human embryo measuring eight lines in length. 1, the suprarenal 
capsule of the right side, totally concealing the corresponding kidney which 
lies behind it ; 2, kidney and ureter of the left side exposed by the removal 
fo the suprarenal capsule ; 3, testis or ovary of the right side; 4, Wolffian 
I I ) y 8 ? 

body; 5, Fallopian tube, or vas deferens. After Miller. 
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to the inguinal ring. The part of the tube which les below 
the point of attachment of this ligament becomes the horn of 
uterus. In those animals in which a middle portion or body 
of the uterus exists, this part is formed by the coalescence 
of the two horns. In the human uterus the two horns gra- 


" Fig. 97. Urinary and generative organs of a human embryo measuring 
34 inches in length. a, general view of these parts: 1, suprarenal capsules ; 
2, kidneys; 3, ovary; 4, Fallopian tube ; 5, uterus; 6, intestine ; 7, the blad- 
der. 3, bladder and generative organs of the same embryo viewed from the 
side: 1, the urinary bladder ; 2, urethra; 3, uterus (with two cornua); 4, 
vagina; 5, part as yetcommon to the vagina and urethra; 6,common orifice of 
the urinary and generative organs; 7, the clitoris. c, internal generative organs 
of the same embryo: 1, the uterus; 2, the round ligaments; 3, the Fallopian 
tubes; 4, the ovaries; 5, the remains of the Wolffian bodies. p, external 
generative organs of the same embryo: 1, the labia majora; 2, the nymphe; 
3, the clitoris, After Muller. 
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dually become shorter, and are lost in the body or fundus of the 
uterus which is at the same time developed. (See fig. 97, A, c.) 

The sinus urogenitalis which has been mentioned, is a cavity 
or canal, opening externally, in which the excretory ducts of 
the Wolffian bodies, the ureters, and the efferent parts of the 
generative apparatus terminate internally. This canal is also 
prolonged into the urachus. Subsequently it becomes divided 
by a process of division extending from before backwards, or 
from above downwards, into a “pars urinaria” and a “ pars 
genitalis.”. The former, extending towards the urachus, is 
converted into the urinary bladder, whilst from the latter are 
formed the vesiculee seminales in the male and the middle por- 
tion of the uterus in the female (see fig. 97, B). 

The external parts of generation are at first the same in 
both sexes. The opening of the genito-urinary apparatus is, 
in both sexes, bounded by two folds of skin, whilst in front of 
it there is formed a penis-like body surmounted by a glans, 
and cleft or furrowed along its under surface. The borders 
of the furrow diverge posteriorly, running at the sides of the 
genito-urinary orifice internally to the cutaneous folds just 
mentioned (see fig. 97, B,D). In the female, this body becom- 
ing retracted, forms the clitoris, and the margins of the furrow 
on its under surface are converted into the nymphe, or labia 
minora, the labia majora pudende being constituted by the 
great cutaneous folds. In the male foetus the margins of the 
furrow at the under surface of the penis unite at about the 
fourteenth week, and form that part of the urethra which is 
included in the penis. The large cutaneous folds from the 
scrotum, and at a later period, namely, in the eighth month 
of development, receive the testicles, which descend into them 
from the abdominal cavity. Sometimes the urethra is not closed, 
and the deformity called hypospadia then results. The appear- 
ance of hermaphroditism may in these cases be increased by 
the testes being retained within the abdomen. 
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Abdominal type of respiration, 149. 
Aberration ‘spherical and chromatic, 
527. 
Absorbents (see Lymphatics). 
Absorption, 
general purposes of, 251. 
different kinds of, 252. 
by lacteal vessels, ib. 
in villi, 253. 
cells developed for, 254. 
by lymphatics, 255. 
by blood-vessels, 267. 
by blood-vessels, rapidity of, 275. 
by the skin, 528. 


of gases by lungs, 162. 
elective, 267. 
nutritive, 252. 


interstitial, ib. 
process of, by endosmose, 269. 
see lymph, chyle, lymphatics, lac- 
teals, 
Accessory nerve, 454. 
Accidental elements, 3. 
Acetic acid in gastric fluid, 205. 
Acid (see Hydrochloric, Acetic, &c.), 
influence of, in digestion, 207. 
Acini of glands, 308. 
Action of capillaries, 127. 
Adaptation of eye to different dis- 
tances, 529. 
Adipose tissue, composition of, 9. 
Afferent lymphatics, 265. 
nerve-fibres, 361. 
After-sensations, 518. 579. 587. 
Age. 
in relation to pulse, 93. 
in relation to breathing, 153. 


Age, continued. 


influence of, on production of car- 
bonic acid, 159. 

in relation to heat of body, 175. 185. 

in relation to excretion of urea, 341. 


Aggregated glands, 308, 
Agminate glands, 228. 
Air, 


atmospheric, composition of, 157. 

changes by breathing, 158. 

quantity breathed, 151. 

purity of, influencing production of 
carbonic acid, 161. 

diffusion of in lungs, 155. 

favourable to coagulation of blood, 
46. 

Air-cells, 146-7. 

Air-tubes, (see Bronchi. ) 

Albumen, 

composition of, 14. 

coagulated, properties of, 14. 

relation to fibrine, 15. 

not coagulable by heat, note, 13. 

of blood, 56. 

of chyle, 257. 

tissues and secretions in which it 
exists, 13. 

products of decomposition of, 6. 

action of gastric fluid on, 205. 

coating oily matter, 257. 

character of, 12. 


Albuminous substances, 


food, 189. 
principles, digestion of, 216. 


Aliments, (see Food.) 
Alimentary canal, development of, 
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Alimentary canal, see Stomach, Intes- 


tines, &c. 
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Alkalies, fats decomposed by boiling 
with, 9. 
Alkaline reaction of blood, 62. 
Alkali of saliva, effects of, 196. 
Allantois, 636. 
vessels of, 637. 
office of, ib. 
Aluminium, parts of body in which 
found, 22. 
Amativeness, organ of, 410. 
Amaurosis, 
action of iris in, 429. 
after injury of the fifth nerve, ib. 
Ammonia, 
a product of the decomposition of 
albumen, 6. 
cyanate of, 340, 
urate of, 343. 
from skin, 325. 
Amnion, 632. 
Ampulla, 551. 
Amputation, sensations after, 368. 
Amylaceous principles, digestion of, 
PATE 
Anastomoses of nerves, 354. 
of veins, 132. 
Aneurism, coagulation of blood in, 44. 
Ani, sphincter, see Sphincter. 
Anima, see Mind. 
Animal 
fats, 9. 
fluids, various kinds of, 23. 
food, 187. 
food, digestion of, 215. 
in relation to urine, 341. 
heat, see femperature and Heat, 
175. 
relation to bile, 243. 
life, its phenomena, 2. 
solids, various kinds of, 24. 
substances, chemical charactersof, 5. 
Antagonistic movements, 486. 
Anterior pyramids, 396. 
Antiperistaltic movements, 250. 
Aorta, 
valves of, 82. 
its elasticity, 104. 
pressure of blood in, 118. 
Aortic arches, 654, 
Apoplexy, 
effects of, 421. 
with cross paralysis, 400. 
continued breathing in, 404. 
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Aqueductus 
vestibuli, 551. 
cochlew, 552. 
Aqueous, 
humour, 523. 
part of food, 189. 
Arantii, corpora, 84. 
Arches, visceral, 646. 
Arciform processes, 406. 
Area 
pellucida, 625. 
vasculosa, ib. 
Arteries, 
their structure, 101. 
their elasticity, 104. 
its advantages, 105. 
their muscularity, 106. 
its purpose, 110. 
their office, 111. 
their pulse, 112. 
force of blood in them, 116. 
its variations, 119. 
effects of exposure, 106. 
division, 107. 
cold, 107-8. 
contraction after death, 107. 
dilatation, ib. 
of electro-magnetism, 109. 
large and small, distinctions in 
structure of, 103. 
minute, arrangement of, 120-3. 
small, their action, 128. 
three states of, 111. 
their contraction, 104, 106. 
their dilatation, 104, 112. 
variations of size, 106. 
enlargement in the pulse, 112. 
change of form in the pulse, éb. 
influence of sympathetic nerve, 111. 
Arteriz helicine, 144. 
Artery, organisation of blood in, 43. 
Arterial blood, organisation of, 45, 
Articulate sounds, 
classification of, 504. 
vowels and consonants, ib. 
whispered sounds, ib. 
mute vowels, 505. 
mute consonants, 506. 
continuous consonants, 7b. 
Artificial digestive fluid, 210. 
Asphyxia, 172. 
Assimilation or maintenance, 
nature of the process, 32. 
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Assimilation, continued. 
nutritive, 277. 
of blood, 71. 
\ssimilative force, 31. 
Associate movements, 487. 
Atmospheric air, see Air. 
pressure, effects on cerebral circula- 
tion, 141. 
on lungs, &e., 148. 
Atrophy, from deficient blood, 287. 
from diseased brain, 292. 
Attention, influence of, 491, 513. 
Attraction, capillary, of membranes, 
272. 
Auditory nerve, 553. 
sensibility of, 569. 
Auricles of heart, 
their action, 78-9. 
their dilatation, 96. 
capacity, 95. 
force, 96. 
formation of septum between, 653. 
kutomatic movements, 484. 
dependent on sympathetic system, 
484. 
on cerebro-spinal system, 485. 
rythmic, 484. 
persistent, 486. 
.xis-cylinder of nerve-fibre, 352. 
«zote, see Nitrogen. 
«zotised 
food, see Food. 
principles, divisions of, 10. 


B. 


Sarytone, 499. 

-asement-membrane, 298, 302. 

Sass voice, 498. 

bicuspid valve, 85. 

Sile, 

its composition, 236. 

its elementary composition, 239. 

quantity secreted, 241. 

purposes of, 242. 

excrementitious, ib. 

directly and indirectly excrementi- 
tious, 243. 

digestive, 244. 

antiseptic properties of, 246. 

excretion of, necessary to life, 244. 

Mixture with chyme, 211, 244. 

making chyme capable of absorp- 
tion, 245, 
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Bile, continwed. 
its influence on saccharine prin- 
ciples, 245. 
re-absorption of, 243. 
in the blood, 246. 
formation of ammonia in its decom- 
position, ib. 
a natural purgative, ib. 
colouring serous secretions, 300. 
duct, passage of bile in, 240, 
Biliary resin, 237. 
Biline, 
and the products of its decomposi- 
tion, 237. 
compared with blood, 240. 


Biliphawine and Biliverdine, 238. 

Bilipyrrhine and Bilifulvine, 238. 

Binary compounds, 5. 

Birds, their high temperature, 181. 

Bladder, urinary evacuation of, a re- 
flex act, 391. 


Bleeding ; effects on water in blood, 
55. 


Blood, 

general characters of, 38. 

specific gravity of, ib. 

temperature of, ib. 167. 

colour of, arterial and venous, 38. 
59. 61. 

reaction of, 39. 62. 

odour or halitus of, 39. 

coagulation of, 40 to 45. 

circumstances preventing, 45. 

water in, 55. 

its fibrine, 56. 

separation of fibrine, 15. 

its albumen, 56. 

globuline, 57. 

haematine, 58. 

extractive matter of, 18. 

its fatty matters, 61. 

its inorganic constituents, 62. 

gases in, 167. 

containing urea, 342. 

relation of lymph to, 256. 

compared with lymph and chyle, 
259, 260. 

compared with bile, 240. 

reabsorption of bile into, 243, 

changes by respiration, 167-9. 

differences of arterial and venous, 
57. 
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Blood, continued. 
hepatic, characters of, 236. 
portal, characters of, 236. 
menstrual, 39, 603. 
state of in hunger and thirst, 222. 
its vital properties, 63. 
organization of, 43. 
conditions favouring its organiza- 
tion, 44. 
its growth and maintenance, 71. 
its development, 63—70. 
development from lymph and chyle, 
261. 
repetition of production of, 286. 
formed in the liver, 242, note. 
office of vascular glands, 317. 
highest of parts of organic life, 75. 
its purpose, 73. 
right condition of, 286. 
its relation to tissues, 129. 
to nutrition, 286. 
to secretions, 311—3, 
adaptation to parts, 286. 
quantity to each part regulated, 110. 
varieties of supply to parts, 123. 
its increase may favour growth in a 
part, 296. 
deficient, a cause of atrophy, 287. 
deficient, a cause of mortification, 
287. 
circulation of, (see Circulation, 76.) 
force in circulating, 100, 
velocity in the veins, 135. 
average velocity, 115, 125, 136. 
movement in capillaries, 124, 
Tesistance to movement, 125, 
effects of gravitation, 130. 
quantity required to dilate the arte- 
ries, 116. 
statical pressure in arteries, 117. 
Blood-corpuscles, 
two forms of, 48. 
red, 48, 49, 50. 
white, see Lymph-corpuscles. 
term of life, 284. 
degeneration of, 70. 
sinking, 41, 
movement in capillaries, 127. 
Blood-vessels, 
absorption by, 267. 
substances absorbed by, ib. 
i hindering absorption, 
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Blood-vessels, continued. 
communication with 
256. 
share in nutrition, 287. 
Bone-earth, composition of, 21. 
Bones, vascular and non-vascular, 
288. 
Brain, divisions of, 405. 
See Pons, Cerebrum, &c. 
duality of, 424. 
acids containing phosphorus in, 20. 
circulation of blood in, 140. 
its capillaries, 121-2. 
relation of blood to, 74. 
its influence on heart’s action, 97. 
development of, 657. 
compression of, continued breathing 
in, 404, 
disease of, with atrophy, 292. 
coagula in its membranes, 44. 
Branchiz, relation to development of 
blood-corpuscles, 67, note. 
Branchial arches and clefts, 646. 
Breathing air, 152. 
Breathing, capacity of, 152. 
Bronchi, 
arrangement and structure, 146-7, 
their muscularity, 155. 
Bronchial arteries and veins, 156. 
Brunner’s glands, 230. 

Buccinator muscle, motor power de- 
rived from facial nerve, 434. 
Buffy coat, mode of formation of, 41, 

50. 
Bulbus arteriosus, 652. 
Burse mucose, 299. 


lymphatics, 


C. 


Coecum, 226, 247. 
changes of food in, 247. 
acid fluid in, ib. 
large in Herbivora, 248. 
Calcium, parts of body in which 
found, 21. 
fluoride of, in bones, teeth, and 
urine, ib. 
Calculi, biliary, containing chlores- } 
tearine, 10. 
containing copper, 22. 
Calculus, radiation of sensation, from, 
374, 386. 
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Calorifacient food, 187. 
Calyces of the kidney, 331. 
Canal of the spinal cord, 413. 
Capacity of arteries, 106. 
vital, of chest, 152. 
Capillaries, their arrangement, 120, 
diameter, 121. 
networks, ib. 
number, 122. 
nature, 123. 
structure, 124, 
circulation in, 125. 
velocity of, 126. 
variations of, 127. 
their contraction, 128. 
development of, 650. 
of lungs, 147. 
Capillary attraction ofmembranes, 272. 
Capsules of Malpighi, 331. 
Carbon, union of with oxygen, pro- 
ducing heat, 178. 
its combustion heat, 180. 
Carbonic acid in atmosphere, 157. 
increase in breathed air, 159. 
difiusion of, 163, 
in lungs, 155. 
in blood, 167-9. 
effect on colour of blood, 60. 
influence on coagulation, 46. 
increase in blood in asphyxia, 174. 
influence on circulation, 172. 
effect of on pulmonary circulation, 
128. 
in relation to heat of body, 175. 
from skin, 325-7. 
hybernating animals in, 174. 
Carbonate, alkaline in blood, 62. 
Cardia, action of, 218. 
sphincter of, 200. 
relaxation in vomiting, 22]. 
Cardiac branches of pneumogastric, 
450. 
Cartilage, chondrine the animal basis 
of, 12. 
Casein, absence of phosphorus in, 20. 
Vasserion ganglion, 633. 
Catalysis, process of, 211. 
Tauda equina, 377. 
Saudate, ganglion- corpuscles, 358. 
Sells, primary or elementary, 27—8-9. 
the formation of, 33, 
examples of formative power, 33. 
action in secretion, 309. 
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Cells, continued. 
importance of in inorganic processes, 
33. 
of glands, 309, 
embryo, 64, 
air, 146-7. 
see Pulmonary, Hepatic, Renal, Xc. 
Centrifugal nerve-fibres, 361. 
Centripetal nerve-fibies, ib. 
Cerebellum, its structure, 407. 
its commissure, the pons, 408. 
its functions, ib. 
in relation to sensation, ib. 
in relation to motion, ib. 
effects of removal, 409, 
effects of disease, ib. 
relative size of, 410, 
organ of muscular sensibility, ib. 
organ of amativeness, ib. 
cross action of, 412. 
injuries and diseases of its crura, ib. 
connection with testes, 410, 
Cerebral ganglia, their office, 419. 
in relation to will and sensation, ib. 
in relation to emotions and emo- 
tional acts, 420. 
hemispheres, development of, 658. 
one, sufficient for ordinary acts, 423. 
destruction of one, ib. 
Cerebral nerves, 427. 
third, 428. 
relation of to iris, 429, 
to lenticular ganglion, 428. 
fourth, 480. 
fifth, 433. 
relation of to senses, 437. 
a nerve of taste, ib. 
relation of, to nutrition, 438, 
sixth, 431. 
communication of, with sympa- 
thetic, 431. 
seventh, 439. 
See Portio Duraand Portio Mollis. 
eighth, 443, 
See Glosso-pharyngeal, Pneu- 
mogastric, and Spinal Accessory. 
Cerebral and spinal nerves, 427. 
Cerebro-spinal nervous system, 376, 
See Spinal Cord, Brain, &c. 
Cerebro-spinal fluid: relation to cir- 
culation, 142, 
Cerebrum, its structure, 413, 
its functions, 418-420. 
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Cerebum, continued. 
development of, 421. 
defects of, ib. 
effects of injury of, ib. 
Chalk stones, 342. 
Charcoal, absorption of, 276. 
Chemical characters of animal sub- 
stances, 5. 
composition of the human body, 3. 
sources of heat, 178. 
Chest, its capacity, 152. 
its construction, 148. 
elasticity of its walls, 151. 
Chest-notes, 500. 
Chloride of sodium in albumen, 13. 
Chlorine, action on negro’s skin, 330. 
parts in which found, 20. 
Chloroform, effects of, 404. 
Choleic and cholinic acids, 238. 
Cholesterine, properties of, 10. 
in bile, 238. 
Cholepyrrhine, 238. 
Chondrine, properties of, 11, 12. 
Chorda dorsalis, 628. 
Chorda tympani, 440. 
Chorion, 593. 
first appearance of, 616. 
formation and structure of, 638, 
villi of, ib. 
Choroid coat of eye, 521. 
use of pigment of, 527. 
Chromatic aberration, 528. 
Chyme, 211. 
changes in intestines, 225. 
Chyle, its general characters, 257. 
fatty matter, molecules, fibrine, &c. 
258. 
analysis of, 259. 
compared with lymph, 260. 
quantity found, 261. 
elaboration of, 258. 
Chyle-corpuscles, 258. 
structure of, 67—8. 
development into blood-corpuscles, 
67-70. 
Cicatrix, assimilation of, 292. 
Cilia and ciliary motion, 470. 
Ciliary epithelium, 305. 
of nerve-tubes, note, 332. 
Cilia, action of in lungs, 156. 
Circulation of blood, 76. 
general purpose, ib. 
general mode, 76. 77. 
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Circulation of blood, continued. 
systemic, pulmonary, and portal, 77. 
action of the heart in, 78. 

in the arteries, 101, 
capillaries, 120. 
veins, 129, 
rate of movement, 136. 
peculiarities in different parts, 140. 
resistance to it, 125. 
in foetus, 656. 

Cleaving of yelk, process of, 616. 

Clefts, visceral, 646. 

Climate, effects on heat of body, 176. 

Clitoris, 591. 
structure of, 143. 

Clot, or coagulum of blood, 40. 
contraction of, ib. 
changes in the living body, 43. 
conical mode of formation of, (see 

Coagulation, ) ib. 

Clothes, in reiation to heat, 186. 

Coagulation, 
of blood, 40. 
the process described, ib. 
conditions affecting, 45. 
of albumen, 13. See Blood, Fibrine. 

Coagulated albumen, properties of, 14. 

Coagulum of chyle, 258. 

Cochlea of the ear, 552. 
office of, 568. 

Cold-blooded animals, 176. 
extent of reflex movements in, 389. 

Cold, influence on secretion by sto- 

mach, 205. 
retards coagulation of blood, 46. 

Collateral circulation in veins, 132. 

Colon, 226. 247. 

Colour of blood, source of, 59. 
changes of, 166. 

Colouring matter of bile, 238. 
of urine, 345. 

Column carnew, their action, 80. 85. 

Columns of medulla oblongata, fune- 

tions of, 401. 
Columns of spinal cord, 377. 
their functions, 383. 
effects of dividing, 384, 
cases of disease and injury of, 385, 
Combination of muscles in reflex acts, 
376. 

Combined movements, office of cere- 
bellum in, 409. 

Combinations of sensations, 423. 
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Combustion-heats, 180. 
Commissures of cerebrum, 415. 
offices of, 426. 
spinal cord, 377. 
Commissural fibres of spinal cord, 379, 
Communication of impressions, 378. 
Compass of the voice, 498. 
Complemental air, 152. 
Composition, chemical, of the human 
body, 3. 
Conduction of impressions, 36, 
in spinal cord, 382. 
along it, 383. 
across it, 385. 
in medulla oblongata, 399, 
in sympathetic nerve, 373, 
in nervous centres, 372. 
Conductors, nerve-fibres are, 364. 
Cone, fibrous (brain), 414, 
Conglomerate glands, 308. 
Conical clot, mode of formation of, 43. 
epithelium, 304. 
Coni vasculosi, 607. 
Connectors, fibres between brain and 
cord, 380. 
Conscience, 421-2. 
supremacy of, 423. 
Consensual movements, 487. 
Consonants and vowels, 505. 
Contact, points of, influence of coagu- 
lation of blood, 47. 
Continuous fibres, note, 397. 
Contractile fibro-cellular tissue, 472. 
Contractility, 34. 
influence of nerves on, 35. 
of muscular tissue, 476. 
Contraction of coagulated fibrine, 40-1. 
muscular tissue, mode of, 478. 
muscular, of arteries, 106. 
Contra’lto voice, 498. 
Convoluted glands, 308. 
Convolutions, cerebral, 415. 
Co-ordination of movements, office of 
cerebellum in, 409. 
Copper, always an accidental element 
in the body, 23. 
in bile, 22. 239. 
Cord, spinal; see Spinal cord. 
Cords, tendinous, in heart, 85. 
vocal, see Vocal cords. 
Corium, 320. 
Cornea, 522. 
nutrition of, 124. 
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Cornea, continued. 
ulceration of, in imperfect nutrition, 
191, 
Corpora Arantii, 84. 
geniculata, 414, 
olivaria, 397. 
pyramidalia, 396. 
quadrigemina, 414. 
their function, 416. 
relation to heart, 100. 
restiformia, 397. 
striata, theirstructure. SeeCerebrum. 
their function, 418. 
Corpus callosum, office of, 426. 
defects of, ib. 
cavernosum penis, 143. 
dentatum, 408. 
luteum, 404. 
structure and mode of formation, 
604. 
as a sign of pregnancy, 606. 
spongiosum urethra, 143. 
Corpuscles 
of blood, 38. 
their development, 64. 
first set, 64-6. 
second set, 66-8. 
generation of, 70. 
of lymph, 38. 
of lymph-glands, 265. 
of Malpighi, 331. 
see Blood, Chyle, &c. 
Cortical substance of kidney, 331. 
Coughing, influence on blood’s pres- 
sure, 119. 
sensation in larynx before, 373, 
Cowper’s glands, 607. 
ofhce uncertain, 613. 
Cranium, devolopment of, 645. 
Craniological examination of cere- 
bellum, 411. 
Craniology, 424. 
Cross-paralysis, 400. 
Cruor, 57. 
Crura cerebelli, 408. 
effects of irritating, 408. 
effects of disease of, 413. 
cerebri, 413—4, 
their office, 414. 
effects of dividing, 416. 
Crystalline lens, 523. 
in relation to vision at different 
distances, 531, 
GG 2 
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Cupped appearance of blood-clot, 42. 
Curves of arteries, 112. 
Cutaneous perspiration, 325. 
Cuticle; see Epidermis, Epithelium. 
Cutis anserina, 473. 
vera, 320, 
Cuvier, ducts of, 655. 
Cyanate of ammonia, 340. 
Cylindrical epithelium, 304, 
Cystic duct, passage of bile in, 240. 
oxyde, sulphur in, 19. 
Cytoblasts, 25. 
in developing and growing parts, 
40, 285, 
Cytoblastema, or formative substance, 
24, 


D. 


Day, time of, influence on carbonic 
acid, 16]. 
Death, natural, of particles, 279. 
instantaneous, from injury to me- 
dulla oblongata, 401. 
Decapitated animals, reflex acts in, 
388.. 
temperature of, 183, 
Decay of dead organic matter, see De- 
composition, 
natural, of particles, 279. 
Decidua 
vera, 621. 
serotina, 624, 
reflexa, 624. 
in relation to the ovum, 623. 
Decomposition, spontaneous, 
explanation of, 7. 
circumstances influencing, 7. 
proneness of erganic compounds to, 
6. 
Decussation of fibres in medulla ob- 
longata, 400. 
Degeneration of blood-corpuscles, 70. 
Deglutition, 198. 
a reflex act, 387. 
independent of brain, 403. 
connection with medulla oblongata, 
403. 
centripetal nerves exciting, 404. 
relation of nerves to, 446. 
relation of pneumogastric nerve to, 
450, 
Delirium, phenomena of, 423. 
Derma, 320, 
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Derangement, phenomena of, 425. 
Descendens noni, 456, 
Development, 
nature of the process, 32, 
repeated in nutrition, 285. 
of organs, 643-668, 
of vertebral column and cranium, 
643. 
of face and visceral arches, 646. 
of extremities, 648, 
of heart and vessels, 649. 
of blood, 63-70. 
of fibrine, 70. 
of vascular system, 648. 
of nervous system, 626, 657. 
of organs of sense, 659. 
of intestinal canal, 661. 
of respiratory apparatus, 664, 
of Wolffian bodies, urinary appara- 
tus, and sexual organs, 665. 
Dextrine, in blood, 236. 
Diaphragm, action of in inspriation, 
149, 
action in vomiting, 221. 
Diffusion of carbonic acid and oxy- 
gen, 163. 
of impressions, 374. 

Digestion, general nature of, 186. 
See Gastric Fluid, Food, and Sto- 
mach, 

Digestive fluid, see Gastric fluid. 

Digestive property of saliva, 195. 
tract of mucous membrane, 301. 

Disease, in relation to heat of body, 

175. 

Diseased parts, assimilation to, 292. 

Diseases, 
occurring only once, 293. 
frequently, ib. 
symmetrical, 286. 
reflex acts in, 393, 

Division 
_of nerve-roots, effects of, 381. 
of nerves in neuralgia, 367. 
of spinal cord, effects of, 385, 
and subdivision of yelk, 616. 

Discus proligerus, 593, 

Dorsal laminee, 626. 

Dreams, phenomena of, 425. 

Dropsy, serous fluid of, contains albu- 

men, 13. 
Drowning, time in which fatal, 173. 
Duality of mind, 424. 
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Ducts of glands, 
their ofhce, 313 
temporary, 306. 
permanent, 307. 
contraction of, id. 
morbid affections of, ib. 
Duct, vitelline or omphalo-mesen- 
teric, 633. 
Duodenum, 226. 
Duvernoy’s glands, 592. 
Dyslysin, 237. 


E, 


Ear, internal, 551. 
Ectopia vesice, observations in, 333. 
Eel, capillary circulation in, 120, 125. 
Efferent nerve-fibres, 361. 
lymphatics, 265. 
Egg-shell, microscopic characters of 
membrane of, 42. 
Eighth cerebral nerve, 443. 
Elastic tissue, 
in arteries, 102. 
tissues, heat developed in, 186. 
Elasticity, 
of arteries, 102, 104. 
of veins, 129. 
employed in expiration, 151. 
Electric organs, nerve-fibres in, 357. 
Electro-magnetism, effect on arteries, 
109. 
Elementary substances of the human 
body, 3. 
Embryo, 
blood of, 64—70. 
cells forming blood, 64. 
See Development. 
Emission of semen a reflex act, 391. 
Emotions, connection of, with cerebral 
ganglia, 420. 
Encephalon, divisions of, 405. See 
Pons Varolii, &c. 
Endosmosis, process of, 270. 
Endosmometer, 271. 
Enlargement of spinal cord, 378. 
Epidermis, 
increased growth of, 294. 
in relation to secretion, 323, 
as integument, 324. 
hindrance to absorption, 275. 
development, &c., of, 289. 
Epididymis, 607. 
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Epiglottis, 
action in swallowing, 199. 
influence of, on voice, 497. 
Epilepsy, reflex acts in, 376. 
Epithelium, 
varieties of, 303. 
tesselated, 303. 
cylindrical, 304. 
cihary, 305. 
parts occupied by, 470. 
motion, phenomena of, 470. 
general purpose of, 305. 
relation to gland-cells, 303. 
of air-passages, 146-7, 156. 
of nerve-tubes, 332. 
of serous membranes, 298. 
in urine, 346. 
in bile, 239. 
in saliva, 195. 
a chief ingredient in mucus, 17. 
modes of combination in organic 
compounds, 6. 
Equivalents, mode of combination in 
organic bodies, 6. 
Erectile tissues, 142. 
Erection 
of penis, a reflex act, 392. 
influence of nerves in, 144. 
connection of, with cerebellum , 410. 
essential elements, 3. 
Ether, effects of, 404. 
Eunuchs, voice of, 500, 
Excito-motory acts and nerves, note, 
387. 
Excretion, 
general nature of, 297. 
direct and indirect, 243. 
Excretory organs, general function of, 
145, 
Excretory office of tissues, 72. 
Exercise, 
effects of, on venous circulation, 
133, 
effects of, on muscles, 279. 
in relation to heat, 186. 
influence on production of carbonic 
acid, 162. 
Exosmosis, 270. 
Expiration, 
act of, 151. 
influence on pressure of blood,'119. 
Expiratory movements, effects on cir- 
culation, 133, 
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Extension of muscles in relation to 
spinal cord, 394. 

External ear, parts of, 555. 
functions of, 557. 

Extractive matters, varieties of, 17. 
substances included among, 17. 
probably products of waste of tis- 

sues, 18. 
Extremities, development of, 648. 
Eye, structure of several parts of, 
519. 
refracting media of, 522. 
adaptation of, to vision at different 
distances, 529. 
see Vision. 
position of, during sleep, 485, 
capillary vessels of, 122. 
disorganization of, after division of 
fifth nerve, 437. 
ball, action of muscles of, 428. 431. 
lash, development, &c. of, 279. 

Eyes, simultaneous action of, in vi- 

sion, 544, 


F. 


Face, development of, 646. 
Facial nerve, 439. 
effects of paralysis of, 441-2. 
relation of, to expression, 442. 
Faculties, higher mental, relation to 
cerebrum, 420, 
Feces, 
character and composition, 248-9. 
quantity of, 248. 
analysis of, in children and adults, 
243. 
absence of biline from, 243. 
Fallopian tube, 590, 
opening into abdomen, 299. 
movements of cilia in, 471. 
reflex action of, 392. 
Falsetto notes, 500. 
Fasting, saliva during, 193. 
influence on secretion of bile, 240. 
Fat, probable action of pancreas on, 
233, 
Fatty substances, composition and de- 
scription of, 9. 
in relation to heat of body, 182. 
absorbed by lacteals, 252, 
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Fatty matters, continued. 
in blood, 61, 
of chyle, 257, 
of bile, 238. 
combined with albumen, 13. 
formed from sugar, 245. 
Fellinic acid, 238. 
Fenestra ovalis, 551. 
office of, 560. 
rotunda, 552. 
otfice of, 559. 
Fermentation, analogy of digestion to, 
DAIIE 
Fibres, various forms of, 30. 
Fibrils or filaments, varieties of, ib. 
Fibrine, 40. 41, 42. 43. 
similar in composition to albumen, 
15. 
development of, 70. 
sources and properties of, 14. 
coagulation of, a process of organi- 
zation, 42. 
conditions under which not spon- 
taneously coagulable, note, 14, 
microscopic character of, 42. 
in blood, 53—56. 
the coagulating principle in the 
biood, 41. 
weight of in blood, includes that of 
white corpuscles, 56. 
in chyle, 258. 
as food, 188. 
Fibrous cone (brain), 414. 
parts, their capillaries, 121. 
Fibro-cellular tissue contractile, 472. 
Field of vision, actual and ideal size 
of, 535. 
Fifth nerve see Nerve fifth. 
Filament or fibrils, varieties of, 30. 
Fillet of Reil, 415. 
Filum terminale, 377. 427. 
Fimbrice of Fallopian tube, 590, 
Fish, warm-blooded, 176. 
their cerebella, 411. 
Flesh, analyses of, 54. 
Fleshy columns, their action, 80. 85. 
Flexion of muscles, in relation to 
spinal cord, 394. 
Fluids, animal, divisions of, 23. 
secreted, ib. 
formative, ib. 
Fluoride of calcium, in bones, teeth,, 
and urine, 21, 


———— 
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Fluorine, parts of animal body in 
which found, 21. 


Foetal placenta, 640. 


Foetus, circulation of, 656. 
ottice of bile in, 242. 
feces of, 242. 
Feetal life, vascular glands in, 317. 
Follicles, Graafian, 592. 
Food, 
general purposes of, 187. 
nutritive or plastic, ib. 
calorifacient, or respiratory, id. 
animal and vegetable, ib. 
necessary composition of, 187-9. 
appropriate for man, 187. 
proximate principles in, 188. 
nitrogenous and non-nitrogenous, 
ib. 
albuminous, saccharine, and olea- 
ginous, 189, 
milk, as natural, 190. 
necessity of mixture of, 190-1, 
changes effected in the mouth, 192. 
in the stomach, 198. 
in the intestines, 225. 
digestibility of articles of, 214. 
animal, digestion of, 215. 
vegetable, digestion of, ib. 
relation of, to saliva, 195. 
mixed, with saliva, ib. 
effects of gastric fluid on, 212. 
structural changes by digestion, 
216. 
chemical changes by digestion, ib. 
changes in intestinal canal, 225. 
movement along intestines, 248. 
changes of, in large intestines, 247. 
indigestible parts excreted, ib. 
influence on secretion of bile, 240. 
influence on production of carbonic 
acid, 161. 
in relation to heat of body, 182. 
relation of urine to, 335. 
relation to nitrogen exhaled, 165. 
in relation to phosphates in urine, 
348. 
Force, nervous, 36. 
of ventricles of heart, 95. 
of respiratory movements, 154. 


Forces, vital, 31. ; 
engaged in the circulation, 78. 
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Formative force and process, nature 
and varieties of, 31-3, 
power, in blood, 72. 
substance, or cytoblastema, 24. 
fluids, 23. 
Fornix, oftice of, 426. 
Fourth ventricle, 399. 413. 
cerebral nerve, 430. 
Freezing, effects of, on blood, 46. 
Functions, 
of parts, variations, 110. 
discharge of, attended with impair- 
ment of parts, 278. 
in relation to vascularity, 122. 
Fundus of uterus, 590. 


G. 


Gall-bladder, 
passage of bile into, 240. 
passage of bile from, 241. 
muscular fibres in, 296. 
Ganglia, 
mode of action. 
centres, 
cerebral or sensory, 419. 
of the sympathetic, functions of, 
460. 464. 
in relation to involuntary move- 
ments, 464, 
to nutrition and secretion, 467. 
in heart, 98. 
Ganglion, Casserian, 433. 
corpuscles. See Nerve-corpuscles. 
Ganglionic nervous system. See Nerve, 
sympathetic. 
Gastric fluid, 
excitement of secretion, 204, 
effects of substances on, 205. 
characters of, ib, 
acids in, 205-7. 
pepsin and other animal matter, in 
207. 
digestive power of, 208, 
conditions of action, ib. 
experiments with, 208-9, 
artificial, 210. 
nature of action, ib, 
relation of to saliva, 196, 
secretion of, 203, 


See Neryous 
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Gastric fluid, continwed. 
properties of, 204. 
formation of, 202. 
essential to digestion, 216. 
Gastric glands, 
their structure, 201. 
their office, 202. 
Gases, absorbed by the skin, 330, 
Gelatinous substances, 10. 
tissues, ib. 
Gelatine, 
properties of, 11. 
sugar of, ib. 
varieties of, 11. 12. 
exists naturally in certain tissues, 
12. 
relation to blood, 73-4. 
as food, 192. 
digestion of, 216. 
Generation and development, 589. 
Generative organs of the female, ib. 
Geniculata, cerpora, 414, 
Genito-urinary tract of mucous mem- 
brane, 301. 
Germinal area, 
development of blood in, 65. 
membrane, 619. 
serous layer, 625, 
mucous layer, ib. 
vesicle, 595, 
development of, 596. 
disappearance of, 614. 
spot, 595. 
development of, 596. 
Gizzard, action of, 218, 


Gland-eells, 
agents of secretion, 310. 
relation to epithelium, 303, 


Gland-ducts, minute arrangements of, 
308, 
Gland, prostate, 607. 


Glands, 

secreting. See Secreting glands. 

their modes of discharge, 312. 

relation between growth and secre- 
tion of, 310, 

removal of particles, 278. 

vascular, 316. 

lymphatic. See Lymphatic. 

of intestines, 227. 

vulvo-vaginal, 592, 

Cowper's, 607. 
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Globuline, composition of, 57. 
Glomerules of kidney, 331. 
Glossopharyngeal nerve, 443. 
relation of, to taste, 446. 
Glottis, 
forms which it assumes, 496. 
dilated in inspiration, ib. 
contracted in expiration, ib. 
degree of narrowing proportioned to 
height of note, ib. 
closure in vomiting, 221. 
Glue, a variety of gelatine, 12. 
Gluten as food, 188. 
Glyceryl, 10. 
Glycerine, ib. 
Graafian vesicles, 
formation of, 592. 596. 
relation of ovum to, 593. 
rupture of, 599. 604. 
analogy to glands, 307, 
Granules or molecules, 24, 
free and imbedded, 25. 
molecular movements of, ib. 
Granule-cells of blood, 68. 
Gravitation of blood, its effects, 130. 
Grey matter of spinal cord, 377. 
function of, 383. 
of cerebrum, 415. 
Grooves on spinal cord, 377. 
Growth, 32, 277. 
its general nature, 293. 
coincident with development, 294. 
continuous through life, ib. 
increased or renewed, ib. 
always a healthy process, 295. 
as hypertrophy, ib. 
with development, ib. 
conditions of, 296. 
increased by afHux of blood, i). 
of blood, 71. 
Gum, as food, 191. 
Gustatory nerves, 446. 


Hl. 


Habitual movements, 392, 492. 
Hamato-globulin, 57. 
Heematosine or Heematine, 58. 
Hemadynamometer, 117, 
Hair, 

development, &c. of, 279. 
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Hair, continued. 
structure of, 280, 
casting of, 280. 281, 
growth near old ulcers, 296. 
chemical composition of, 17. 
follicles, 322. 
their secretion, 324, 
Halitus or odour of blood, 39. 
Hamulus, 552. 
Hand, principal seat of sense of touch, 
583. 
Hearing, 
organ of, 551. 
influence of the membrana tympani 
and auditory bones upon, 563, 
influence of tension of the mem- 
brana tympani on, 560, 
double, 572. 
impaired by lesion of facial nerve, 
441. 
See Sound, Vibrations, &e. 
Heat, 
animal production of, 177. 
adaptation to climate, 178. 
evolved in plants, 182. 
lost by radiation, Xc., 184, 
development of, in relation to bile, 
244, 
developed in contraction of muscles, 
479. 
external effects of, 184. 
Heat or rut, 599. 
riod of, coincident with, discharge 
of ova, 600. 
Height, relation to capacity of chest, 
152. 
Helicine arteries, 144. 
Hemispheres, central (see Cerebrum, 
development of), 
Hepatic cells, 235. 
veins, 77. 
veins, characters of blood in, 236. 
ducts, 234. 
vessels, arrangement of, 234. 
Herbivorous animals, their alkaline 
urine, 325. 
Heart, 
its action, 78. 
action of the auricles, 79. 
action of the ventricles, 79. 
action of fleshy columns, 80. 
order of action, 81. 
order of sounds, 81. 
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Heart, continued. 
action ofits valves, 82. 
its arterial valves, 82. 
its auricular and ventricular 
valves, 85. 
action of tendinous cords, 85. 
sounds of, 87. 
1st sound, 88, 
2nd sound, 90. 
impulse, 91. 
frequency of action, 93, 
force of action, 95. 
capacity of ventricles, 95, 
cause and method of rythmie action, 
96. 
effects of action, 100. 
general connection with nerves, 99. 
influenced bysympathetic nerve, 98. 
influenced by pneumogastric, 99, 
effects of electro-magnetic stimulus, 
100. 
its action after removal, 97-8, 
effects of its removal, 100. 
its ganglia, sources of force, 371. 
its action weakened in asphyxia, 
17233; 
sounds of, in relation to the pulse, 
114. 
its continuous growth, 294. 
hypertrophy of, 295, 
and vessels, development of, 649. 
first pulsations of, db. 
development of its several cavities 
and septa, 652. 


Hearts, lymphatic, see Lymphatic 
heart. 

Hip-joint, pain in its diseases, 373. 
386. 


Hippuric acid, 345. 
Horny matter, natural composition of, 
16. 
tissue, 17. 
Horse’s blood, peculiar coagulation, 
50. 
spinal cord, measurement of, 379. 
cerebella, 411. 
Hour-glass contraction of stomach, 
219, 
Ilunger, sensation of, 222. 
Hybernation, retarded respiration, &c., 
in, 26. 174. 
temperature in, 181. 
state of thymus in, 319, 


Q 
Q 
Or 
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Hydrochloric acid in gastric fluid, 205. 
Hydrogen, union of with oxygen pro- 
ducing heat, 179. 
its combustion heat, 180. 
Hypertrophy, 295, 
Hypoglossal nerve, 456. 
Hymen, 591, 


Up 


Ideas, connection of, with cerebrum, 
420. 
Ileum, 226. 
Tleo-ccecal valve, 226. 
structure and action, 250. 
imbibition from vessels, in nutrition, 
&e. 123. 
of fluids, 269. 
Impressions, conduction of, 36. 372. 
retained and reproduced in cere- 
brum, 420, 
Tmpulses of heart (see Heart), 91. 
Incidental elements, 38. 
Incus, 555. 
Inferior costal type of respiration, 150. 
Inflamed part, 
capillary circulation, 126. 
increased pain in expiration, 119. 
Inflammatory blood, corpuscles in, 50. 
Infusoria, presence of, not essential to 
decomposition, note, 8. 
Injections into blood, 137. 
Injury of nerves, effects of, 352. 
Inorganic bodies, 
distinction from organic, 4. 
elements, parts of the body in which 
they severally occur, 19. 
constituents of blood, 62. 
Inspiration, 
act of 148. 
force employed in, ib. 
enlargement of chest in, 149. 
effects on circulation, 134. 


influence on pressure of blood, 119. 


Intercellular substance, 29. 
Instability of organic compounds, 7. 
Intercellular passages in lungs, 147. 
Intestines, 

general functions of, 225. 

structure of, 226, 

glands of, 227. 

villi of, 227, 231, 


Intestines, continued. 
movements of, 249, 
in relation to the nerves, 372. 
mode of contraction of, 484. 
absorption in, 252, 
gases in, 247. 
fatty discharges from, 234. 
Intestinal canal, development of, 661. 
Intellectual faculties, relation to cere- 
brum, 420. 
Intonation, 506. 
Inversion of images on retina, 533. 
corrected by the mind, 534. 
Involucrum capitis, 631. 
Involuntary character of reflex acts, 
375. 
movements (see movements). 
Iris, 
structure and offices of, 524. 
relation of, to third nerve, 428. 
relation of, to optic nerve, 429, 
action of, ib. 
relation of, to fifth nerve, 436. 
connection of with corpora quadri- 
gemina, 416. 
contracted during sleep, 485. 
in relation to vision at different dis- 
tances, 530. 
contracts when eye turns inwards, 
487. 


contractile tissues, 35, 
Isinglass, source of, 11. 
Iter a tertio ad quartum ventriculum, 
413. 


ais 


Jacob’s membrane, 52). 

Jacobson’s Nerve, 444. 

Jejunum, 226. 

Jetting flow of blood in arteries, 105. 


K, 


Keratine or horny substance, 17. 

Kidneys, their structure, 330. 
their functions (see Urine), 332. 
capillaries of, 122. 

Knee, pain of, in diseased hip, 273. 
386, 


Tron, in blood, 59. 
parts of body in which found, 22. 
Irritability of muscular tissue, 477. 


— 


INDEX. 


Kreatine and Kreatinine, principles 
extracted from musculartissue, 18. 
present in urine, 346. 


L. 


Labyrinth of the ear, 551. 
Lacteals, their distribution, 253. 
in villi, 231. 
contain lymph in fasting, 37, 257. 
absorption by, 252. 
Lactic acid in gastric fluid, 207. 
Lamina spiralis, 552. 
use of, 568. 
Lamine dorsales, 626. 
viscerales or ventrales, 628. 
Large intestine, glands in, 232. 
Larynx, construction of, 494, 
vocal ligaments of, 493. 
ventricles of, 503. 
actions of muscles of, 493-4. 
irritation referred to, 373. 
Laryngeal nerves, 450. 
Lateral tracts, 397. 
Layer, still, of blood in capillaries, 127. 
Lens, crystalline, see Crystalline lens. 
Lenticular ganglion, relation of third 
nerve to, 428. 
Leucine, or sugar of gelatine, 11. 
Levator Palpebre superioris, nerve 
supplying, 428. 
Lieberkuhn’s glands, 227. 
Life, state of, 31. 
the phenomena, 1. 
dependence on medulla oblongata, 
401. 
natural term of, for each particle, 
279, 283. 
Lightning, condition of blood in per- 
sons killed by, 48. 
Lime, salts of, in human body, 21. 
phosphate of, in albumen, 13, 
in blood, 63. 
in tissues, 2]. 
in bones and teeth, 20. 
Lingual branch of fifth nerve, 437. 
Liquor sanguinis, 38. 40, 
coagulation of, 50. 
lymph derived from, 256. 
Liver, 
vessels of, 234. 
ducts of; 235, 
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Liver, continued. 
cells of, ib. 
general purpose of, 2b. 
secretion of, 236. 
process of secretion by, 240. 
purposes of secretion of, 242, (see 
also Bile. ) 
circulation in, 77. 
development of, 263. 
in the foetus, 242. 
a blood-making organ, 7b, note, 
ils vessels filled with yelk, b. note, 
Living bodies, properties of, 31. 
Lobules of lungs, 146, 
Locus niger, 414, 
Loops, capillary, 121. 
terminal of nerves, 366. 
central, of nerve-fibres, 415. 
Love, physical, cerebellum in relation 
to, 410. 
Lungs, 
their structure, 146. 
lobules of, ib. 
intercellular passages in, 147. 
their cells, 146-7. 
their capillaries, 147. 
their elasticity, 151. 
circulation in, 77. 
pressure of blood in, 118. 
enlargement in inspiration, 149. 
development of, 665. 
Luteum corpus, see Corpus luteum, 
Lymph, 
its general characters, 259. 
its corpuscles, 2h, 
analysis of, ib. 
comparison with chyle, ib. 
with blood, 260. 
relation to blood, 256, 
organization of, 43. 
quantity formed, 261, 
effused in inflammation, 42. 
corpuscles, structure of, 67-8. 
in blood, 50—1. 
development into blood-corpus- 
cles, 67-70. 
movement in capillaries, 127, 
weighed with fibrine, 56. 
Lymphaties, 
their distribution, 255. 
origin of, ib. 
parts in which not found, id. 


- 
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Lymphatic, continued. 
communication with blood-vessels, 
256. 
substances absorbed by, 256. 269. 
Lymphatic vessels, 262. 
their structure, ib. 
valves, ib. 
propulsion of lymph by, ib. 
contraction of, 263. 
hearts, ib. 
structure and action, 264. 
relation of to spinal cord, ib. 394, 
glands, 265. 
their structure, id, 318. 
vessels of, ib. 
blood-vessels of, ib. 
cells of, ib. 
office of, 265-6, 
plexuses, 266: 


M. 


Magnesium, parts of body in which 
found, 22. 
Magnesia, phosphate of in bones and 
teeth, 20. 
Maintenance or assimilation, nature 
of the process, 32, 
nutritive, 277. 
of blood, 71. 
Malleus, 554. 
Malphighi, Pyramids of, 331. 
capsules of, ib. 
corpuscles or glomerules of, ib. 
Manganesium, parts of body in which 
found, 22. 
Margarine and Margaric acid, proper- 
ties of, 9. 
Margarine, formula of, 10. 
Margaryl, ib. 
Mastication, 192. 
Meconium, 242. 
Medulla oblongata, 
structure of, 396. 
its tracts, 396-7. 
origins of nerves in, 399, 
analogy to spinal cord, ib. 
its Renae analogous to spinal nerves, 
ib. 
functions of, ib, 
mode of conduction in, 400. 
division and irritation of, 2b. 


INDEX. 


Medulla oblongata, continued. 
decussation of fibres in, ib. 
as a nervous centre, 401. 
centre of respiratory movements, 
170, 401. 
effects of injury and disease, 401. 
seat of respiratory centre in, 402. 
reflecting power of, ih. 
wide connection of, 403. 
action in deglutition, 887, 403. 
not seat of sensation or voluntary 
power, 404, 
maintenance of power in, ib. 
immunity from action of ether and 
chloroform, ib. 
influence on swallowing, 387. 
a source of force, 371. 
congestion in asphyxia, 173, 
Membrana decidua, 621. 
granulosa, 592. 
development of into corpus lu- 
teum, 606. 
changes in cells of, previous to 
discharge of ovum, 615. 
Jacobi, 521. 
pupillaris, 660. 
capsulo-pupillaris, ib. 
tympani, 504. 
othce of, 560. 
Membranes, mucous. (Mucous mem- 
branes. ) 
Membrane, primary or basement, 298. 
302. 
Membranes, serous. 
branes. ) 
Membrane Vitelline, 593. 
Membranous labyrinth of ear, 552. 


Membranes, capillary attractions for 
fluids, 272. 
mixtures of fluids through, 272. 
Memory, relation to cerebrum, 420. 


Menstruation, 599. 

analogous with heat, 602. 

period of, coincident with discharge 
of ova, 601. 

period of first occurrence, 602. 

usually absent in pregnancy, 603. 
in suckling, ib, 

phenomena of, ib. 

time of life when it ceases, i). 


Menstrual discharge, composition of, 
39, 603. 


(Serous mem- 
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Mental exertion, effect on heat of 
body, 175. 
excretion of phosphates after, 279. 
Mental faculties, development of, 
421. 
Mercury, absorption of, 276, 328. 
Mesenteric arteries, contraction of, 
108-9, 
Meshes of capillary networks, 121. 
Mesocephalon, (see Pons Varolii,) 405. 
Mezzo-soprano voice, 499. 
Milk, 
as food, 190. 
its composition, ib, 
Mind, 
hypothesis of, 421. 
varieties in children, 424. 
varieties in different ages, 425. 
connection of with cerebrum, 419. 
duality of, 424. 
combines two sensationsin one, 423. 
perception of two impressions by, 
365. 
refers morbid impressions to peri- 
pheral ends of nerves, 368. 
can discriminate the point of a nerve 
so irritated, 368. 
influence of in action of contractile 
tissues, 35. 
on heart’s action, 97. 
on digestion, 223, 
on intestines, 251. 
on nutrition, 288, 290. 
on secretion, 315. 
on reflex movements, 389. 
Mitral valve, 85. 
Mixed food, for man, 187, 190. 
Mixture of fluids, force of, 272. 
Modiolus, 552. 
Molecules, or granules, 24, 
Molecules, moyement of, in cells, 29. 
Molecular base of chyle, 257. 
movements of granules, 25. 
Monotonous voice, 498. 
Mortification, from deficient blood,287. 


Motion, 469. 
ciliary, 470. 
muscular, see Movements, 472, 
Motor columns of cord, 383, 
nerve-fibres, 361. 
lingua, or hypo-glossal nerve, 456. 
oculi, or third nerve, 428. 
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Mouth, 
office in relation to food, 192. 
moistened with saliva, 195, 
Movements of muscles, 483. 
automatic, 484. 
antagonistic, 432. 486, 
reflex, see reflex acts, 386. 487. 
associate or consensual, 432. 487. 
dependent on mind, 488. 
voluntary, 490. 
habitual, 392, 492. 
excited by ideas, 488. 
of expression, 489, 
excited by passion or emotion, 489. 
symmetrical, 432. 
of respiration, 148, 
respiratory, influence on carbonic 
acid, 159. 
influence of cerebellum, 409, 
dependent on the sympathetic nerve, 
465. 
connection of with optic thalami, 
417. 
Muscles of organic life, 473. 
animal life, 474. 
actions of, (see movements,) 483. 
organic peculiarities in contraction 
of, 480. 
flexion and extension of, 394. 
effects of their pressure on the veins, 
132. 
impairment and removal of parti- 
cles, 278. 
changed by exercise, 279. 
layer of organic in walls of vesiculx 
seminales, 612. 
assisting erection, 143. 
Muscular tissue, 678. 
properties of, 476, 
irritability of, 477. 
peculiar sensibility of, ib. 
mode of contraction, 478, 
heat developed in contraction of, 
186. 480. 479, 
sound produced, 479. 
substances yielded on analysis of, 
19. 
nerve-fibres in, 355, 
double supply of nerves, 362, 
sense, 435. 477. 
sensibility, cerebellum the organ 
of, 410, 
fibres of the heart, 92. 
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Muscular, continued. 
tissue in arteries, 102, 106, 
in large veins, 129. 

Muscularity of lymphatics, 262. 
of lymph-hearts, 263. 

Muscular coat of stomach, 200 
fibres of stomach, action of, 218. 
coat of intestines, 226. 

Musical sounds, 498. 569. 

Mucous membranes, 
general charcters, 301. 
divided into tracts, ib. 
component structures, 302. 
primary membrane, 7b. 
epithelium-cells of, 303. 
gland-cells of, ib. 
effects on starch, 197. 

Mucus, 
nature of, 17. 
resemblance to horny matter, ib. 


various substances included under 


the term, ib. 
in bile, 239. 
acid of vagina, 39. 
of urine, 346. 
corpuscles in saliva, 193. 
Myopia or short-sightedness, 533. 


N. 


Nabothi glandule, 591. 
Nails, chemical composition of, 17. 
Nates (brain), 414. 
Natural organic compounds, 5. 
classification of, 8. 
Necessity of breathing, 170. 
Nerve-fibres, 
their structure, 351. 
cerebro-spinal, ib. 
sympathetic, 353. 
their course, 354. 
continuity, 397. 
in plexuses, 354, 
their terminations, 355-377. 
in loops, 355. 
in plexuses, ib. 
by free ends, 356. 
by division, 357. 
origin of, 360, 
general purpose, 361. 
distinctions of, ib. 
action of stimuli on, 362. 
laws of action in, 364, 
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Nerve-fibres, continued. 


effects of injury and division, 362. 
367. 

mere conductors, ib. 

rate of conduction, ib. 

conduct one kind of impression, 365. 

sensitive, laws of action, ib. 

effects of division, 366, 

existence of loops in, ih. 

mind refers impressions to peri- 
phery, ib. 

illustrations of, 367. 

mind perceives the very point irri- 
tated, 368. 

one cannot discharge the function 
of another, 369. 

motor, laws of action, 370. 


Nerve-corpuscles, 


their structure, 357. 
simple, 358. 
caudate or stellate, ib. 
connection with fibres, 359. 
cerebral, physiology of; (see Cere- 
bral nerve.) 
connection with medulla oblongata, 
400. 
excito-motory and reflecto-motory, 
387, note. 
fifth, effects of division, 290. 
motor, 370. . 
olfactory, cases of absence of, 290. 
pneumogastric influence in diges- 
tion, 224. 
in absorption, 7b. 
on movements of stomach, 225. 
influence on respiratory process, 
171. 402. 
connection with respiration, 402. 
influence on bronchi, 155. 
in relation to hunger, 222. 
effects of dividing, 402. 
respiratory, 171. 
sensitive, 366. 
spinal, number and origin, 380, 
their roots, 381. 
specific functions of, ib, 
effects of dividing, ib. 
sympathetic, influence on nutrition, 
291. 
connection with intestines, 251. 
influence in digestion, 225, 
ulnar, division of, 370. 
effects of compression, 366, 


INDEX. 


Nervous centres; see Centres Nervous. 
functions of, 371. 
kinds of, ib. 
sources of power, ib. 
conduction in, 372. 
communication in, 373. 
transference of impressions in, 373. 
diffusion or radiation in, 374. 
reflection in, ih. 
conditions of, 375. 
congestion in asphyxia, 173. 
imitation of produces sustained 
movements, 376. 
participation in reflex acts, 375, 
Nervous force, 36. 
velocity of, 364, 
Nervous system, 349. 
cerebro-spinal, ib. 
sympathetic, 350, 
elementary structures, ib. 
fibres, ib. 
vesicular structure, 357, 
functions of fibres, 361. 
of centres, 371. 
conduction in centres, 372. 
transference in, 373. 
diffusion or radiation, 374. 
reflection, ib. 
relation to the mind, 35. 
relation of blood to, 74. 
in relation to heat, 181-2. 
influence in erection, 144. 
connection with heart, 99. 
influence on respiration, 170. 
influence on digestion, 223. 
connection with movements of in- 
testines, 251. 
influence on nutrition, 288. 
influence on secretion, 314. 
influence on contractility, 35. 
development of, 657. 
first appearance, 626. 
Nervous tissue, in relation to urine, 
348, 
Nervus Vagus, see Pneumogastric. 
Network, capillary, see Capillaries, 
120. 
Neuralgia, division of 
307. 
New born animals, heat of, 185. 
Nipple, structure of, 163, 
Nitrate of albumen, 14. 
of urea, 239, 


nerves for, 
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Nitrogen, influence of, in decomposi- 
tion, 7. 
changed in respiration, 164, 
of atmospheric air, 157. 164. 
absorbed by the skin, 330. 
in blood, 168. 

Nitrogenous principles, division of, 10, 
food, 188. 
in relation to urine, 341. 

Nose. See Smell. 
restoration of, 369, 
uritation referred to, 374, 

Non-azotised, organic principles, 8, 

Non-yascular tissues, 123. 

Non-vascular parts, nutrition of, 288. 

Nucleated cells, see Cells. 

Nuclei, description of, 25-6-7-8. 
in developing and growing parts, 

285, 

Nucleus, present in most cells, 28. 
metamorphoses of, 27. 
disappearance of, in degenerating 

tissue, 27. 
in Mammalian blood-corpuscles, ib, 
corpuscles, or nucleoli, 25. 
Nutrition, general nature of, 277. 
illustrated, 280. 
conditions of healthy, 286. 
of vascular and non-vascular parts, 
288. 

influence of nervous system, 283. 
438, 

in paralysed parts, 288. 

Nutritive food, 187. 
process, 31. 
repetition, 285. 
reproduction, 285. 

Nymphe, 591. 


O. 


Oblique muscles of the eye, action of, 
430. 
Ocular spectrum, 540. 
Odour of blood, &e., 39, 61. 
(Esophagus, action in deglutition, 198, 
reflex movements of, 387. 
action in vomiting, 199, 
Oil, absorption of, 276, 
Oils, fixed, 9. 
Oily matter, coated with albumen, 
257. 
Oleaginous food, 169, 
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Oleaginous principles, digestion of, 
217. 
Oleine and oleic acid, properties of, 9. 
Oleine formula of, 10. 
Olfactory nerve, 516. 
Olivary bodies, 397. 
Omphalo-mesenteric vessels, 360. 
Ophthalmic ganglion, relation of third 
nerve to, 428, 
Optic lobes, their function, 416, 
Optic nerves, (see vision. ) 
Optic nerve, decussation of, 548. 
Optic thalami, relation of to sight, 
416. 
Organs, organisms, organization, 2. 
Organic and inorganic bodies, dis- 
tinctions between, 4. 
compounds prone to decomposi- 
tion, 6. 
compounds, cause of instability 
of, 7. 
food, 187. 
life, its phenomena, 1. 
life, nervous system of, 458. 
processes, influence of sympathetic 
neryes upon, 468, 
processes influenced by cerebro- 
spinal and sympathetic nerves, 
468. 
Organization of fibrine, 42. 
Organs, plurality of cerebral, 424. 
Organs of sense, development of, 659, 
Osmazome, 18. 
Ossicula auditus, 554, 
office of, 561-3, 
Otoconia, or ear-powder, 553. 
use of, 567. 
Ovaries, 589. 
Ovula Nabothi, 591. 
Ova, discharged periodically, 601. 
Ovum 
structure and formation of, 593. 
changes in ovary, 597, 
discharge of from ovary, 599. 
impregnation of, 607. 
development of, 614. 
cleaving of yelk, 616. 
changes subsequent to cleaving,618. 
impregnated, changes of, in lower 
half of Fallopian tube, 616, 
changes in previous to formation 
of embryo, 614. 
changes of in uterus, 620. 
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Ovum, continued. 
connection of with uterus, 639. 
impregnated, in relation to the deci- 
dua, 623. 
Oviduct, or Fallopian tube, 589. 
Oxygen, 
consumed in breathing, 162. 169. 
proportion of to carbonic acid, 
162-3. 
diffusion—volume of, 163. 
in blood, 167. 
union with other elements of blood, 
169. 
union of with carbon, &c., produc- 
ing heat, 178. 
effects on colour of blood, 60. 
effect of on pulmonary circulation, 
128. 
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Pacinian corpuscles, 356, 
Pain in paralysed parts, 367. 
Palate and uvula in relation to voice, 
502. 
Palm of hand, papilla, &c., 320-1. 
Pancreas, 232-4. 
Pancreatic fluid, 233. 
Pancreas, development of, 663. 
Papille 
of the kidney, 331. 
of the skin, 320. 581. 
Par vagum, see pneumogastric, 
Paralysed parts, 
painful, 367. 
limbs, temperature of, 182. 
parts, nutrition of, 290. 
Paralysis cross, 400. 
Paraplegia, 
from disease or injury of the spinal 
cord, 382. 
reflex movements in, 388. 
delivery in, 392. 
state of intestines in, 251. 
Parotid gland, saliva from, 193. 
Particles, 
changes in nutrition, 278. 
removal when impaired or effete, 
278. 
duration of life in each, 284. 
subject to circumstances, 284. 
natural decay and death, 279, 
process for forming new ones, 285, 
Patheticus, or fourth nerve, 430. 
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Pause, in heart’s action, see Heart, 
78. 
Pavement-epithelium, 303. 
Peduncles 
of the cerebellum, 408. 
of cerebrum, 413-4. 
Pelvis of the kidney, 331. 
Penis, 
corpus cavernosum, 143. 
erection of, a reflex act in part, 392. 
Pepsine, 207. 
action of, 211. 
Perception, 37. 
Perilymph, or fluid of labyrinth of 
ear, 553. 
use of, 566, 
Peristaltic movement, 249. 
Peritoneum, peculiarities of, 299. 
Permanent glands, 307. 
Perspiration, 
cutaneous, 325. 
insensible and sensible, 325, 
Peyer’s glands, 228. 
Pharynx, 
action in swallowing, 198. 
reflex movements of, 387. 
Phlebolithes, 44. 
Phosphamid, relation of to proteine, 
16. 
Phosphates, exist ready-formed in 
tissues, 20. 
parts in which they are found, 2b. 
present in albumen, 13. 
in blood, 63. 
acid, in gastric fluid, 206. 
of soda in blood, 62. 
in urine, 347. 
Phosphorus, 
in organic compounds, 20. 
in urine, 348. 
union of with oxygen producing 
heat, 179. 
Phrenology, 424. 
Phymatine, 18. 
Physical forces, share in organic pro- 
cesses, 33. 
Pia mater, circulation in, 140, 
Picromel, 237. 
Pigment, of hair, 280. 
Pigment-cells, form and contents of, 
28. 
Pineal gland, 427. 
Pituitary gland, 427. 
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Placenta, ib. 
formation and structure, 640. 
foetalis and uterina, ib. 
in relation to the liver, 243. 
Plants, heat evolved in, 182. 
Plastic food, 187. 
force, 31. 
Plexuses, 
nervous, 354. 
terminal, 355. 
conduction through, 370. 
brachial, relation to spinal cord, 
378. 
lumbar, ditto, ib, 
Plurality of cerebral organs, 424. 
Pnemogastric nerve, 448. 
relations of to functions of larynx, 
450, 451. 
to functions of oesophagus, 450. 
to respiration, 451. 
to functions of stomach, 453. 
to action of heart, 453, 
Poisoned wounds, absorption from,276. 
Polygamous birds, their cerebella, 
411. 
Pons Varolii, its structure, 405. 
its functions, 406, 
organ of sensation and will, 406. 
experiments shewing its power, 407. 
Ponticulus, 406. 
Pores of membranes, mixture of fluids 
in, 272. 
Porous tissues, capable of imbibing, 
260. 
Portal blood, 
characters of, 236, 
circulation, 77. 
veins, arrangement of, 234, 
Portio major, or dura, of fifth nerve, 
433. 
minor, of fifth nerve, ib, 
mollis of the seventh nerve, 553, 
Position, effect of on the blood in 
parts, 142. 
Post-mortem rigidity, 481, 
affects all classes of muscles, 483. 
Posterior pyramids, 398, 
Posture, effects on the pulse, 94. 
Potash, 
salts of in muscles, 21. 
in animal fluids, ib. 
Potassium, parts of body in which 
found, ib, 
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Pregnancy, absence of menstruation 
during, 603, 
Presbyopia, or short-sightedness, 533. 
Primary membrane, 302. 398, 
Primitive groove, 625. 
fasciculi and fibres of muscle, 474. 
band of nerve-fibre, 592. 
Principle, mental, 421. 
Principles, proximate, of animal sub- 
stances, 5, 
nitrogenous, 10. 
non-nitrogenous, 8. 
fatty, their composition, 9. 
of food. See Albuminous, &c. 
Processus gracilis, 555. 
a cerebello ad testes, 408, 
arciformes, 406. 
Properties, vital, 31. 
Prostate gland, 607. 
functions of secretion unknown, 613. 
Proteine, 15. 16. 
mode of obtaining, 16. 
compound, ib, 
tritoxyde of, 53, 
in muscular coat of arteries, 102, 
Proximate principles of animal com- 
pounds, 5. 
Ptyaline, 18. 194. 
Puberty indicated in the female by 
menstruation, 603. 
Pudic nerves, 144. 
Pulmonary artery, 
valves of, 82. 
circulation, 77. 
vessels and circulation, 156. 
circulation, velocity of, 126. 
influence of carbonic acid, 172. 
branches of pneumogastric, 450, 
Pulp of hair, 280. 
Pulse, 112. 
explained, 114. 
its frequency, 93, 
its variations, 94. 
its relation to respiration. ib. 
in capillaries, 124. 
in contracted arteries, 111. 
Pulsation in veins, 87. 
Pulsations, first, of heart, 649. 
Pupil of eye, office of 524, 
Purpose of the blood, 73. 
Pus, contains albumen, 13, 
Putrefaction. Sec Decomposition. 
influence of gastric fluid on, 210. 
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Pylorus, 

structure of, 200. 

action of, 218. 
Pyramids of Malpighi, 331. 
Pyramids, See Medulla Oblongata. 
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Radiation of impressions, 374. 
Reason, note, 420-3. 
supremacy of, 423. 
Rectum, 226. 
evacuation of, a reflex act. 391. 
Reflection of impressions, 374. 
See Reflex Acts. 
Reflecto-motory acts and nerves, note, 
387. 
nature of, 375. 
conditions of, ib. 
essentially involuntary, ib. 
characters of, ib, 
influences of will in, 375. 390. 
purposive, 375. 
combined acts, 576. 
purposeless, 376. 
sustained, ih, 
illustrated, 487. 
in swallowing, 387, 
in decapitated animals, 388, 
after injury of cord, ib. 
difference in different classes, 389. 
greater extent of in cold-blooded 
animals, ib. 
independent of brain or mind, 390. 
adaptation of, ib. 
what to be so regarded in man, 
391. 
preservatives, 392. 
relation of fifth nerve to, 435. 
Refraction, laws of, 522. 
Refracting media of eye, tb. 
Relative life, its phenomena, 2. 
Renal arteries, 
arrangement of, 331-3. 
capsules, 316-9. 
cells, 332. 
portal vein, ib. 
Repair, 
retarded in paralysis, 289. 
after injury of cord, 289, 
Repetition, nutritive, 285. 
Reproduction, nutritive, ib. 
Reserve air, 152. 
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Rotations, 
following injury of crura cerebelli, 
412. 
produced by dividing the crura 
cerebri 416. 
produced by injury of optic thalami, 


Residual air, ih. 

Resin, biliary, 237. 

Respiration, 
general purpose, 145. 
structure of organs of, 146-7. 
movements of, 148. 


quantity of air changed in, 151. 

frequency of, 154. 

force of, ib. 

movements of air tubes in, 155. 

movements of air in, ib. 

movements of blood in, 156. 

changes of air in, 157. 

carbonic acid increased by, 158. 

oxygen diminished by, 162. 

nitrogen, alterations in, 164. 

water exhaled in, 165. 

changes of blood by, 166. 

theories of, 168. 

influence of nervous system, 170. 

effects of suspending, 172. 

types of, 149. 

movements of, automatic, 485. 

its relation to the pulse, 94. 

connection with medulla oblongata, 
401. 


| Respiratory food, 187. 


movements, reflex, 391, 

voluntary, 170. 

extraordinary, 171. 

excited by various stimuli, 403, 

excitement through nerves, 403. 

effects on the venous circulation, 
133. 


explanations of, 418. 
of yelk, 616. 
Round tracts, 398. 
Rumination, 222. 
Rythm of heart, See Heart, 91. 96. 
Rythmic movements, 484. 
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Saccharine food, 189. 
principles, digestion of, 217. 
action of bile on, 245, 
Sacculus, 553. 
Safety-valve of tricuspid valve, 86. 
Saliva, 
organs for production of, 192. 
its composition, 193. 
epithelium mixed with, 1b. 
ashes of, ib. 
mode of secretion, ib. 
quantity secreted, ib. 
purpose of, ib. 
for mastication, ib. 
chemical and digestive properties, 
ib. 
action on starch, 194. 
its relation to gastric fluid, 196. 


Salivary glands, development of, 662. 
Salts, action of, on blood, 60. 
Saline solutions, absorption of, 276. 
Saponifiable substances, 9. 
Sarcolemma, 474. 
Scala vestibuli. 552. 

tympani, ib. 
Sclerotica, 524, 
Scurvy, influence of food in, 190. 
Sebaceous glands, 322. 

their secretion, 324, 
Secreted fluids, 23. 
Secreting glands, 

general characters, 306-9, 

temporary, 3806, 

permanent, 307. 

tubular, simple, ib, 

aggregated, 308. 

convoluted tubular, 308. 


nerves, 171. 
process, influence of pneumo-gas- 
tric nerve on, 451. 

tract of mucous membrane, 301. 
| Respired air, temperature of, 159. 
Rest, favourable to coagulation, 46, 
Restiform bodies, 397. 

tracts, effects of irritating, 408. 
'Retching, explanation of, 221. 
Rete testis, 607. 
Retina, 

structure of, 519. 

discernment of impressions on, 368. 

inversion of images on, 533. 

duration of sensations on, 540. 
Rigor mortis, 481. 

in arteries, 109. 
Rigidity of involuntary muscles, 483, 
‘Roots of spinal nerves, 381. 
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Secretions, 
general nature of, 297, 
by synovial membranes, 300. 
mucous membranes, 301. 
glands, 306. 
processes of, 309. . 
resemblance to nutrition, 310. 
discharge of, 311. 
circumstances influencing, 313. 
vicarious, 297. 
necessary apparatus for, 298. 
by membranes, ib. 
by serous membranes, ib. 
process by cells and nuclei, 309, 
antagonist, 315. 
mixed with exudations, 309. 
relation to supply of blood, 311-3. 
Selection of materials for absorption, 
254. 
Self- formation, characteristic of life, 32. 
Semen, emission of, a reflex act, 391. 
Semicircular canal of ear, 551. 
use of, 567. 
Semilunar valves ; see Heart. 
Seminal corpuscles and granules, 690. 
filaments, 609, 
fluid, 608. 
composition of, 613. 
influence exerted on other ova 
than those impregnated, 613. 
tubes, 607. 
communicating with urine tubes, 
333, note. 
Sensation, meaning of, 37. 
definition of, 507. 
and perception, mind alone capable 
of, 37. 
common and special, 507, 
subjective, in cerebrum, 420. 
perceived in pons, 406. 
perfect, perceived in cerebrum, 420, 
nerves of, laws of action of, 366. 
simultaneous, 365. 
general, referred to particular or- 
gans, 223. 
combination of, in one, 423. 
in stumps, 368. 
Sense 
of hearing; see Hearing, Sound. 
of sight ; see Vision. 
of smell ; see Smell, 
of taste ; see Taste. 
of touch ; see Touch. 
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Sense, continued. 
spinal nerves of, 365. 
organs of, development of, 659. 
Senses, special, general properties of, 
514. 
nerves of each sense has special 
properties, 507. 
in relation to external nature, 508. 
511. 
qualities of nerves of sense, 509. 
action of external and internal sti- 
muli on, 509. 
same stimulus excites different sen- 
sations in each, 510. 
influence of attention on impres- 
sions upon the senses, 513. 
impairment of, from division of the 
fifth nerve, 437. 
impairment of, from division of 
facial nerve, 440. 
Sensibility, muscular ; see Muscular 
sensibility. 
Sensible things, relation of mind to, 
420. 
Sensitive columns of cord, 383. 
nerve-fibres, 361. 
Sensory ganglia, 419. 
Septum between ventricles, formation 
of, 653. 
auricles, formation of, ib. 
Serosity of blood, 52. 
Serous membranes ; 
structure, 298. 
epithelium of, i). 
lining visceral cavities, 299. 
lining joints, &e., ib. 
their arrangement, ib. 
their purpose, 299. 
fluid secreted by, id. 
membrane, nerves of, 355, 
Serum, separation of, 40. 
of blood, 52. 
of blood,chief source of albumen, 13. 
temperature at which it coagulates, 
ib. 
coloured by red corpuscles, 58. 
Seventh cerebral nerve, 439, 
Sex, influence on production of car- 
bonic acid, 159. 
relation to breathing, 153. 
Sexual organs and functions of the 
female, 589. 
male, 607. 
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Sexual membrane, continued. 
passion, connection of with cere- 
bellum, 410. 
Shock, effect on heart’s action, 97, 
influence on digestion, 224, 
‘Sight, (see vision. ) 
relation of corpora quarigemina to, 
416. 
impaired by lesion of fifth nerve, 
438-9, 
‘Sigmoid valves, (see heart), 82. 
PSilicon and silica, parts in which 
found, 20, 
Singing, 498. 
Sinuses of Morgagni, 83. 
dura mater, 141. 
Sinus terminalis, 630. 
uro-genitalis, 668. 
Sixth cerebral nerve, 431. 
Size, a variety of gelatine, 12. 
kin ; its structure, 320 to 324. 
capillaries of, 122. 
excretion by, 324 to 328. 
transudation from, 327, 
absorption by, 328. 
gases exhaled from, 327. 
respiratory function of, ib. 
evaporation from, 330, 
as an organ of touch, 581. 
parts in which seuse most acute, ib. 
structure of papilla of, 582. 
epithelium, uses of in relation to 
touch, 582. 
leep, 
influence in production of carbonic 
acid, 162. 
in relation to heat of body, 175. 
Smell, sense of, 514, 
conditions of, 515. 
different kinds of odours, 517. 
impaired by lesion of fifth nerve, 437. 
Sneezing, caused by sun’s light, 374. 
Soap, fatty matter which can be con- 
verted into, 9. 
Soda, tribasic phosphate in blood and 
saliva, 20, 62. 
urate of, 343. 
odium, parts of body in which found, 
21. 
chloride of, in albumen, 13. 
Soémmering, yellow spot of, 521. 
Sole of foot, papilla, &c. 320-1. 
Solids, animal, varieties of, 24. 
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Solids, simple, structureless, or amor- 
phous, 24. 

Solitary glands, 228, 232. 

Sonorous substances, their intensity, 
570, 

Sounds of heart. See heart. 
of heart, relation to the pulse, 114. 
produced by contraction of muscle, 

479. 

Sounds musical, 498, 569. 
conduction of by external auditory 
passage, 557. 

Sound perception of, 569, 
perception of the direction of, 570. 
perception of distance of source of, 

671. 
permanence of sensation of, 570, 
572, 
reflection of by external ear, 557, 
subjective, 573, 

Soprano voice, 498. 

Sources of nervous force, 371. 

Spasmns, reflex acts, 393. 

Special sense, nerves of, 365. 

Spectrum, or after-sensation on retina, 

540. 

Speech, 503. 

Spermatozoids, development of, 609. 
form and structure of, 610. 
motion of, 610. 
conditions influencing, 610. 
in impregnating fluids of all ani- 

mals, 610, 
function of, 610. 
Spherical aberration, how corrected in 
the eye, 527. 

Sphincter ani, action of, 250. 486. 
influence of cord on, 251. 387, 395. 

Spinal accessory nerve, 454. 

Spinal cord, 377. 
its construction, 377. 
commissure of, ib. 
fissuress in, ib. 
tracts of, ib. 
course of fibres in, 378. 
size of parts of, ib, 
enlargements of, ib. 
transverse section of, 379. 

termination of fibres in, 380. 

its proportion to the cerebellum, 410. 
functions of, 382, 

as a conductor, ib. 

functions of its columns, 383. 
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Spinal cord, continued. 
conduction across, 385. 
conduction through grey substance 
of, 383-5, 
communicating impression, 386. 
transference in, ib. 
radiation in, ib. 
reflex function of, ib. 
examples of, 387. 
independent of brain and mind,388. 
different in higher and lower ani- 
mals, 389. 
influence of mind in, 390. 
in disease, 393. 
parts of that reflect in particular di- 
rections or modes, 393, 
influence on sphincters, 395, 
influence on tone, ib. 
effects of various divisions of, 385. 
effects of injuries of, on nutrition,289, 
special powers of parts of, 393. 
its influence on heart’s action, 97, 
in relation to intestines, 251. 
irritated from intestines, 372. 
influence on lymph hearts, 264. 394, 
connection with genital organs, 411. 
nerves, see Nerves spinal, 457. 
Spiral canal of cochlea, 562. 
Spirit, note, 420-2. 
Spleen, 316—319. 
turgescence of, 145. 
Spontaneous decomposition, explana- 
tion of, 7. 
Spot, germinal, 595, 
Spurs, effects of transplanting, 298. 
Stapedius muscle, 555. 
office of, 565. 
Stapes, 555, 
Starch, effect of saliva on, 196. 
of other substances on, 197. 
digestion in stomach, 217. 
action of pancreas on, 233. 
changes in cecum, 248. 
effects of cooking on, 217. 
Statical pressure of blood, 117. 
Stature, relation to capacity of chest, 
152. 
Stereoscope, 550. 
Stull layer of blood, 127. 
Stimuli, as excitants of contractility,35. 
Stimulus to nerve-fibres, 362. 
various kinds of, ib. 
St. Martin, Alexis, case of, 204. 


Stomach, 
its structure, 200. 
secretion of, see Gastric fluid, 203. 
digestive power, 208. 
digestive process in, 211. 
movements of, 218. 
in vomiting, 220. 
influence of nervous system on, 
222. 
absorption from, 224. 
its temperature, 204. 
in relation to hunger, 222. 
examined through fistule, 204. 
secretion influenced by state of 
mouth, 205, 
passage of substances from to urine, 
334. 
Striata corpora (see Corpora striata). 
Striped and unstriped muscular fibres, 
473. 
Structural composition of human body, 
23. 
Stumps, sensations in, 368, 
Sudoriparous glands, 321, 
their distribution, ib. 
number, 322. 
their secretion, 325, 
Suets or animal fat, 9. 
Suffocation, 172. 
Sugar, 
as food, 172. 
digestion of, 217. 
changes in cecum, 248. 
in portal blood, 236. 
of gelatine, 11. 
Sulphur in proteine-compounds, 16. 
Sulphates.source of, in ashes of animal 
substances, 20. 
in urine, 347. 
Sulphocyanide of potassium, 20. 
Sulpho-cyanogen in saliva, 194. 
Sulphur, 
in organic compounds, 19. 
parts of the body in which it occurs, 
19. 
union of, with oxygen, producing 
heat, 179. 
in urine, 347. 
difficulty of separating from pro- — 
teine, 16. 
Superior costal type of respiration, © 
150. 
Supra-renal capsules, 316-9. 
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Swallowing, 198. 
a reflex act, 387. 
Sweat, analysis of, 325. 
Symmetrical diseases, 286. 
Sympathetic nerve, 458. 
ganglia of, 460. 
fibres of, ib. 
their course, ib. 
relation of to cerebro-spinal sys- 
tem, 461. 
conduction by, 462. 
communications of, with sixth nerve, 
431. 
influence on heart’s action, 98. 
influence on arteries, 111. 
(see Nerve, Sympathetic). 
Synovial fluid, secretion of, 300. 
membranes, 299. 
Systemic circulation, 77. 
circulation, affected by respiratory 
movements, 135. 
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Tannic acid, test for gelatine, 11. 
Tanno-gelatine, ib. 
Tartar of teeth, 194. 
Taste, 
conditions for the perceptions of, 
574. 
seat of, 574. 
permanence of impressions, 579. 
connection of with sense of smell, 
ib. 
subjective sensations, 580, 
variations of, 578. 
nerves on which the sense depends, 
446. 
sense of, relation of fifth nerve to, 
437. 
relation of facial nerve to, 441. * 
Taurine, 237. 
quantity of sulphur in, 19. 
Teeth, reproduction of, 285. 
repetition of production of, ib. 
Temperature, average, of body, 175, 
average in diseases, ib. 
variations in sleep, &c, ib. 
relations to carbonic acid, ib, 
of Mammalia, birds, &c, 176. 
of cold-blooded and warm-blooded 
animals, ib. 
means of maintaining, 177. 
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Temperature—continued. 
loss by radiation, &e. ib. 
sources and production of heat, 178. 
theory of amimal heat, 179. 
in relation to food, &e. 
in relation to the nervous system, 
182. 

effects of, increased, 183, 

modified by age, &c. ib. 

influence of, in exciting decomposi- 
tion, 7. 

of respired air, 159, 

influence on carbonic acid produc- 

ed, 160. 

of stomach, 204, 
Temporary glands, 306, 
in stomach, 203° 
Tendinous cords, 85. 
Tenor voice, 498. 
Tensor tympani muscle, 555, 
office of, 565. 
Tesselated epithelium, 303. 
‘Testis. See Testicle, 
Testicle, structure of, 607. 
Testes (brain), 414. 
Testes, connection with cerebellum, 
410. 
Tetanus, 393, 
Thalang optici (see Optic Thalami). 
their structure. See Cerebrum. 
their function, 417. 
Theories of respiration, 168. 
Third cerebral nerve, 428. 
Thirst, sensation of, 222, 
Thoracic duet, its contents, 260-1. 
development of lymph and chyle in, 
260. 
Thymus gland, 316—7-9. 
Thyroid gland, 316-9, 
Timbre of Voice, 499, 
Tissues, 
absorption of, 256, 
amimal, reference to accounts of 
31. 

contractile fibro-cellular, 472. 

erectile, 142, 

fatty, 9. 

gelatinous, 10. 

ii ae in proportion to water in, 
56, 

moistened with watery part of blood, 


55. 


muscular, 473, 


696 


Tissues, continued. 
mutations of particles in, 278-9. 
mutually excretory, 72. 
nitrogenous in relation to, 341. 
Te- formation of, 285, 
their relation to blood, 129. 
vascular and non-vascular, 123. 
Tone, 
its nature, 395 and note. 
in relation to the spinal cord, 395. 
Tongue, 
structure of, 575. 
papilla of, 576, 
epithelium of, ib. 
part most sensitive to taste, 577. 
an organ of touch, 578. 
action in deglutition, 198, 
motor nerve of, 456, 
Tooth, development, &c., of, 282. 
Tooth-ache, radiation of sensation in, 
374. 

*Tooth-fang, absorption of, 282. 
Tooth-pulp, nerve-fibres in, 355. 
Touch, 

sense of, 580. 

modification of common sensation, 
580. 

part of nervous system dependent 
on, i, 

characters of external bodies ascer- 
tained by, 583. 

conditions for perfection of, 584, 

connection of with muscular sense, 
585. 

co-operation of mind with, 586. 

subjective sensations of, 587. 

sensations of excited by mind, 588. 

Trachea in relation to the voice, 502. 
Tracts of medulla oblongata, 396, 

of mucous membrane, 301. 
of spinal cord, 377. 

Transference of impressions, 373. 
Transplantation of skin, 369. 
Transudation from skin, 327, 
Tricuspid valve, 85. 

Trifacial, trigeminal or fifth nerve, 

433. 
Trisplanchniec or sympathetic nerve, 
458. 

Trochlearis nerve, 430. 

Tubules, general structure of, 30. 
Tubular glands, 307. 

of stomach, 201. 
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Tubuli seminiferi, 607. 

uriniferi, 330. 
Tunica albuginea of testicle, 607. 
Turgescence, in erectile and other 

organs, 145, 

of gastric mucous membrane, 203. 
Tympanum or middle ear, 

structure, 554, 

functions, 559. 

use of air in, 564. 
Types of respiration, 149. 
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Ulnar nerve, 
effects of compression of, 366. 
effects of division, 370. 
Umbilical arteries, 
contraction of, 107. 
vesicle, 633. 
small size in mammalianovum, ib. 
office and destination of, ib. 
Umbilicus, 633. 
Understanding, relation to cerebrum, 
420. 
Uniform temperature, maintenance of, 
174, 
Urachus, 
Urate of ammonia, 345. 
of soda, ib. 
Urea, 339, 
Ureter, 
arrangement of, 334, 
radiation of pain in, 374. 
Urethra, its corpus spongiosum, 143, 
Uric acid, 342. 
Urinary bladder, 
hypertrophy of, 295. 
action of, 334. 
Urine, 
its general properties. 335, 
colour, ib. 
reaction of, ib. 
specific gravity of, 336. 
variations of, ib. 
quantity secreted, 337. 
chemical composition, ib. 
its several constituents, 338. 
secretion of, 333. 
rate of, ib, 
effects ‘of posture, &c. 334, 
Urine, colouring matter of, 345. 
made alkaline by diet, ib. 
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Urine, continued. 
spontaneous decomposition, 340. 
decomposition by mucus, 346. 
tubes, 330. 
Uterine placenta, 
Uterus, 590. 
follicular glands of, 621. 
simple and compound glands of 
bitch, 623. 
development of, in pregnancy, 295. 
reflex action of, 392. 
and vagina, their mucus, 39. 
contraction of its arteries, 107. 
Utriculus, 553, 


Vi 
Vagina, 591. 
caude, 63. 
Vagus nerve (see Pneumo-gastric). 
Valves, 
arterial, their action (see Heart), 
105. 116. 
see Veins and Heart. 
Valve, 
Ilio-cxcal, 250. 
of Vieussens, 413. 
Valvulew conniventes. 227. 
Varolii, pons, see Pons. 
Vasa deferentia, 
reflex movements of, 392. 
lutea, 635. 
Vascular glands, 317. 
analogous to secreting glands, ib. 
in relation to blood, ib. 
in early life, ib. 
not essential to life, 318. 
several offices of, ib. 
relation to lymphatic glands, ib. 
parts, nutrition of, 288, 
system, first appearance, 625. 
Vascularity, degrees of, 122. 
Vegetable food, 188. 
digestion of, 215. 
Vegetative life, its phenomena, 1. 
Veins, 
their structure, 129. 
muscular parts, ib. 
veins, 79, 130. ; 
influence of gravitation in, 130. 
force of blood in, 131. 
assistance to circulation in, 132. 
effects of muscular pressure on, ib, 
effects of respiration on, 133, 
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Veins, continued, 
velocity of blood in, 135. 
absorption by, 267. 
pulsation in, 87, 
their muscular coats, 79. 
reflux of blood into, ib. 
in erectile tissues, 143. 
cranium, 141. 
Vein-stones, 44. 
Velocity of blood, 33. 136. 
in arteries, 115, 125. 
in capillaries, 126. 
in veins, 135, 
of nervous force, 364. 
Vena porte, its arrangement, 77. 
Venous blood, organization of, 45. 
system, conformation of, in embryo, 
655. 
Ventilation, in relation to carbonic 
acid, 161. 
Ventral lamina, 628. 
Ventricles, 
effect of, on arteries, 104. 
its force in the veins, 131. 
of heart, their dilatation, 96. 
their capacity, 95. 
force, 95. 
their action, 79. 
of larynx, office of, 503. 
cerebral, 399. 413. 
Ventriloquism, 506. 
Vermiform process, 408. 
Vertebra, formation of, 628. 
Vertebral column and cranium, deve- 
lopment, 643, 
Vesicle germinal, 595. 
Graafian, 592. 
Vesicula blastodermiea, 619. 
seminales of, 611. 
functions of, 612. 
reflex movements of, 392. 
Vesicular nervous substance, - see 
Ganglion corpuscles, 
Vestibule of the ear, 55, 
Vibrations of vocal cords, 495. 
Vidian nerve, 439-40. 
Vieussens, valve of, 413. 
Villi of intestines, 231. 253, 
cells developed in, 253. 
action of blood-vessels of, ib, 
epithelium of, 254. 
their blood-vessels, 120, 
on intestinal glands, 228. 
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Villi of chorion, 638. 
Vis nervosa, 36. 
Visceral arches, development of, 646. 
lamine, 628. 
Vision. 
organ of, 5T9. 
field of, its ideal size, 535. 
its relation to the external world, 
537. 
erect, accounted for, 534. 
direction of, 537. 
estimation of the form of objects, 538. 
estimation of the size of objects, 536. 
estimation of their distance, 536. 
estimation of their motion, 538. 
influence of attention on, 539. 
influence of contrast on the percep- 
tions of, 543, 
single, with the two eyes, 544. 
single, its cause, 548. 
single, different theories of, 549. 
single, in quadrupeds, 547. 
binocular, 550. 
conditions for formation of correct 
images, 526. 
at different distance, adaptation of 
eye to, 529. 
Visual direction, 237. 
Vital capacity of chest, 152. 
properties, 2. 
Vital properties of blood, 63. 
of living bodies, 31. 
Vitelline duct, 633. 
membrane, 593. 
development of blood in, 64. 
Vitellus, or yelk, 594. 
Vitreous humour, 523. 
Vocal cords, vibrations of cause voice, 
493. 
structure and attachments of, ib. 
longer in males than in female, 499. 
Voice and speech, 492. 
human, generated at the glottis, 
493. 
in speaking, 497. 
compass of, 498. 
sexual difference, ib. 
varieties of, as the bass, tenor, &c., 
498. 
tone or pitch uninfluenced by length 
of larynx or trachea, 502. 
conditions on which strength of de- 
pends, 501, 
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Voice, continued. 

influence of age upon, 499, 

in eunuchs, 500, 

influence of trachea on, 502. 
Voluntary movements, 490, 
Vomiting, act of, 220, 

action of stomach in, 220. 

movement of cesophagus in, 199. 

influence of spinal cord in, 391. 

a reflex act, ib. 

voluntary and acquired, 221. 
Vowels and consonants, 504. 
Vulvo-vaginal glands, 592. 


Wes 
Warm-blooded animals, 176. 
Water, in blood, 55. 
of blood, deticient in thirst, 223. 
in various tissues, 55. 
influence of in exciting decompo- 
sition, 7. 
absorbed by the skin, 328. 
vapour of, in atmosphere, 158. 
exhaled from skin, 326. 
from lungs, 165-6, 326. 
Wave of blood in the pulse, 114-5. 
Weight, relation to capacity of breath- 
ing, 153. 
White-corpuscles, see 
puscles. 
White substance of nerve-fibre, 352. 
Will, exercised through Pons, 406. 
deliberate, exercised through cere- 
brum, 420. 
Willis, circle of, 140. 
Wolffian bodies, 665. 
Wounds, poisoned, absorption from, 
276. 


lymph-cor- 


Ye 


Yelk, or vitellus, 594. 
rotation of within zona pellucida, 
616. 
contraction of in Fallopian tube, 
615. 
absorption of, 242, note. 
Yelk-sac, 633. 
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Zomidine, 18. 
Zona pellucida, 593. 


is 


Lille 


ui idic 


XII. 
XIII. 
EV. 

BEV 2 
XVI. 

XVII. 
XVIII. 


XXII. 
XXIII. 
XXIV. 


LIST OF WORKS REFERED TO. 


Joun Hunter. Works of, Edited by Mr. Palmer. London. 
Longmans. 1835. 

Goodsir. Anatomical and Pathological Observations, by John and 
H. D.S. Goodsir, 1845. 

Valentin. De Functionibus Nervorum Cerebralium et Nervi Sym- 
pathetic. Berne, 1839. 


- Valentin. Lehrbuch Der Physiologie des Menschen. Braunsch- 


weig, 1844. 
Quarterly Journal of Science and Arts. 
Chemical Gazette. 
Annali di Chimica applicata alla Medicina. Gennago. 
Oesterreichische Medicinische Wochenschrift. Wien. 
Archiy fiir physiologische und pathologische Chemie und Mikro 
scopie. Von J. F. Heller. Wien. 


. Annalen der Chemie und Pharmacie. Von Liebig und Wohler. 
. Liebig. Animal Chemistry. Translated by Dr. Gregory. Taylor 


and Walton. 
Annales de Chimie et de Physique. 
Mem. de la Soe. d’Arcueil. 
Schmidt’s Jahrbiicher der Gesammten Medicin. Leipzig. 
R. Wagner. Handwiérterbuch der Physiologie. Braunschweig. 
Blondlot. Traité Analytique de la Digestion. 8vo. Paris, 1844. 
Philosophical Magazine. 
Comptes Rendus des Séances de l’Académie Royale des Sciences 
de Paris. 
Gazette Médicale de Paris. 


. Blondlot. Essai sur les Fonctions du Foie. Paris, 1846. 
. Prout. On the Nature and Treatment of Stomach and Renal 


Diseases. Fourth Edition. Churchill. 1843, 
Ranking’s Haif- Yearly Abstract of the Medica Sciences. Churchill, 
TH. Meckel. De Genesi Adipis in Animalibus. Halle 1843. 
Berzelius. Traité de Chimie, traduit par Esslinger, 8 vols. 8yo. 
Paris. Vol. 7 contains the Chemistry of Animal structures, 


700 


LIST OF AUTHORS. 


XXYV. Paget. Reports on the use of the Microscope, and on the Pro- 


XXVI. 
XXVII. 
XXVIII. 


XXIX. 
XXX. 
XXXI. 
XXXII. 


XX XIII. 


XXXIV. 
XXXYV. 


XXXVI. 
XXXVILI. 
XXXVIII. 
XXXIX. 


XL. 


XLI. 
XLII. 
XLII. 
XLIV, 


XLV. 


XLVI. 


XLVII. 


XLVITII. 
XLIX. 


L. 
LI. 
LII. 


gress of Human Anatomy and Physiology; in the British 
and Foreign Medical Review. 
Rawitz. Ueber die Einfachen Nahrungsmittel. Breslau, 1846. 
Gazette Médicale de Strasbourg. 
Hewson’s Works. Edited for the Sydenham Society by Mr. 
Gulliver. 1846-7. 
Tiedemann and Gmelin. Recherches sur la Digestion. 
The Lancet; Edited by T. Wakley, M.P. 
Annales des Sciences Naturelles. Zoologie. 
J. Miiller’s Elements of Physiology. Translated by Dr. Baly. 
Second Edition. 1840. 
Henle und Pfeufer. Zeitschrift fur Rationelle Medizin. Hei- 
delberg. 
Valentin. Repertorium fiir Anatomie und Physiologie. Berlin, 
Erasmus Wilson. A Practical Treatise on Healthy Skin. 
Churchill. 1846. 
American Journal of Medical Sciences. 
Henle. Allgemeine Anatomie. Leipzig, 1841. 
Froriep’s Neue Notizen aus dem Gebiete der Natur. Weimar. 
Todd and Bowman. The Physiological Anatomy and Physio- 
logy of Man. London. J. W. Parker. 
Bruns. Lehrbuch der Allgemeinen Anatomie des Menschen. 
Braunschweig, 1841. 
Transactions of the Royal Medico-Chirurgical Society. 
Memoires de |’Academie des Sciences de Paris. 
Philosophical Transactions. 
Erasmus Wilson. Diseases of the Skin: a Practical and Theo- 
retical Treatise on the Diagnosis, Pathology and Treatment 
of Cutaneous Diseases. Churchill. 1842. 
Breschet, Recherches sur la Structure de la peau. 
Milne-Edwards. Influence des Agens Physiques sur la Vie: 
Translated by Dr, Hodgkin. 
Madden. Experimental Inquiry into the Physiology of Cuta- 
neous Absorption. Edinburgh, 1835. 
Watson. Lectures on the Principles and Practice of Physic. 1843. 
The Library of Medicine. Edited by Dr. Tweedie. Vol. VI. 
A System of Midwifery, by Dr. Rigby. 
A. Beequerel. Semeiotique des Urines. Paris, 1841. 
Golding Bird. Urinary Deposits. Churchill. 1844, 
Dumas. Legon sur la Statique Chemique des Etrés Organiseés. 
Paris, 1841. 


LIST OF AUTHORS. 701 


LIII, Annales de Chimie et de Pharmacie. 


LIV. 
LV. 
LVI. 
LVII. 
LVIII. 
LIX. 


ne 
BEL 


LXII. 
LNIII. 
LXIV. 

LXV. 
LXVI. 


LXVII. 
LXVIII. 


LXIX. 
LXX. 
LXXI. 
LXXII. 


LX XIII. 
LXXIV. 

LXXV. 
LXXVI. 
LX XVII. 


Liebig. Chemistry of Food. Taylor and Walton. 1847. 

Bulletin de Academie Royale de Médecine. 

Journal de Pharmacie. 

Journal de Chimie Médicale, 

Guy’s Hospital Reports. 

Canstatt’s Jahresbericht, iber die Fortschritte in der Biologie. 
Erlangen. 

Fownes. A Manual of Chemistry. Churchill. 

Mulder. Proeye Eener Algemeene physiologische Scheikunde. 
Rotterdam. 1645. 

Magendie. Journal de Physiologie. 

Memoirs and Proceedings of the Chemical Society of London. 

Von Bibra. Chemische Untersuchungen tiber die knochen und 
Zahne. Schweinfurt, 1844. 

Hoffmann. Grundlinien der physiolog. und patholog. Chemie. 
Heidelberg. 1845. 

E. H. Weber. De Pulsu non in omnibus Arteriis plane 
Synchronico. 

Hales. Statistical Essays. 2 vols. 8vo. London, 1740. 

G. R. Treviranus. Beitrage zur Aufklarung der Erscheinungen 
wud Gesetze des organischens Lebens. 1835-37. 

Simon, A Physiological Essay on the Thymus Gland. London, 
1845. 4to. 

Ecker. Der feinere Bau der Neben-nieren beim Menschen 
und den Vier Wirbelthierclassen. Braunschweig, 1846. 

London Medical Gazette. Longmans. 

Bulletin de l’Academie de Médecine. 

The Cyclopedia of Anatomy and Physiology, Edited by Dr. 
Todd. 

Carpenter. Principles of Human Physiology. 3rd Edition. 

Lieberkiihn, J. N. Diss. de Fabrica et actione Villorum In- 
testinorum Tenuium., 1782. 

Peyer. De Glandulis Intestinorum. 1682. 

Brunn, J. C.  Glandule duodeni seu Pancreas Secundarium. 
4to. 1715. 

Boehm, L. De Glandularum Intestinalium Structura Penitiori. 
Berol. 1835. 


. H.C. B. Bendz. Waandbog i den Almindenige Anatomie. 


Kjébenhaon, 1847. 


. Muller’s Archiv fiir Anatomie, Physiologie, und wissenschaft- 


liche Medecin. Berlin. 


702 
LXXXI. 
LXXXIL 


LXXXIII. 
LXXXIV. 
LXXXV. 
LXXXVI. 
LXXXVII. 
LXXXVIII. 
LXXXIX. 


XC. 
XCI. 


XCII. 
XCIII. 
XCIV. 
XCV. 


XCVI. 
XCVII. 
XCVIII. 
XCIX. 
C. 


CI. 


cil 


CIIl. 


CIV. 


CV. 


CVI, 


CVITI. 


CVIII. 


LIST OF AUUHORS. 


Schultz. Das System der Circulation in seiner Entwickelung 
durch die Thier-reihe, Stuttgard, 1836. 

F. Simon’s Animal Chemistry. Translated by Dr. Day for the 
Sydenham Society. 

Gorup-Besanez. Untersuchungen uber Galle. Erlangen, 1846. 

Keelliker. Entwickelungs-geschichte der Cephalopoden. 

John Davy. Anatomical and Physiological Researches. 

Whitehead. On Sterility and Abortion, 

Annales d’Hygiéne Publique et de Médecine Legale. 

The Medical Times. 

H. Zwicky. Die Metamorphose des Thrombus. 
1845. Ato. 

Gazetta Medica di Milano. 

Signor Polli. Researches and Experiments upon the Human 
Blood. Noticed in the Medico-Chirurgical Review, Oct. 
1847. 

Mémoires de l’Academie de Chirurgie. 

Report of the Proceedings of the British Association. 

Edinburgh Medical and Surgical Journal. 

Burrows. Disorders of the Cerebral Circulation. 
Longman, 1846, 

Meckel. Archiv. fur Anatomie und Physiologie. 

Dublin Hospital Reports. 


Zurich. 


London, 


Travers. Further Inquiry concerning Constitutional Irritation. 

Tiedemann. Zeitschrift fur Physiologie. 

Oesterreicher. Lehre yom Kreislauf des Blutes. Nuremburg, 
1826. 

British and Foreign Medical Review, Edited by J. Forbes, 
M.D. 

Griffiths. On the Chemical and Microscopical Characters of 
the Blood and Urine. 

E. Harless. Ueber den Einfluss der Gase auf die Form der 


Blut-Keerperchen. Erlangen, 1846. 

C. Vogt. istoire Naturelle des Poissons d’Kau douce, by 
M. Agassiz. Tom. 1, 1842. 

C. Vogt. Untersuchungen tuber die Entwickelung der Ge- 
burtshelferkreete. Solothurn, 1841. 

Fahrner. De Globulorum Sanguinis in Mammal. 
et Adultis Origine. 1845, 

J. Muller, Handbuch der Physiologie des Menschen, 4to, Ed. 
1844. 

Hfollindische Beitrige, 


Embryon. 


——eaaoOooor 


CIX. 


CX. 
CXI. 


CXII. 
CXIII. 
CXIV. 
CXV. 
CXVI. 
CXVII. 
CXVIII. 
CXIX. 


CXX. 
CXXI. 


CXXII. 
CXXIII. 
CXXIV, 
CXXYV. 
CXXVI. 


CXXVII. 


CXXVIII. 
CXXIX. 
CXXX. 
CXXXI. 
CXXXII. 
CXXXIII. 
CXXXIV. 
CXXXYV. 
CXXXVI. 


LIST OF AUTHORS. 703 


Andral et Gavarret. Recherches sur la quantité d’Acide 
Carbonique exhalé par le Poumon. Paris, 1843. 

Vierordt. Physiologie des Athmens. 1845. 

Gmelin. Handbuch der Theoretischen Chemie. Frankfort, 
1827. 

Retzius. Om Mekanismen af Semilunar-Valvlernes tillolut- 
ning. 

G. Treviranus. Beitrige ziir Aufklirung der Erscheinung 
des Lebens. 

Keelliker. Die Selbstiindigkeit und Abhangigkeit des Sym- 
patischen Neryensystems: Zurich, 1844. 

R. Wagner. Neue Untersuchungen uber den Bau und die 
Endigung der Nerven, &c. 1647. 

Dublin Journal of Medical Science. 

Hope. ‘Treatise on Diseases of the Heart. 

C. J. B. Williams. Pathology and Diagnosis of Diseases of 
the Chest. 

Hannover. Recherches Microscopiques sur le Systeme Ner- 
veux. 1644, 

Annali Universali di Medicini. Luglio. 

Moleschott. De Vesiculis Pulmonum Malpighianis. Hale, 
1845. 

Archives Générales de Médecine. 

Proceedings of the Royal Society, 

Erdmann’s Journal. 

Tiedemann’s Physiology, translated by Gully and Lane. 

Fr. H. Bidder. Zur Lehre yon dem Verhaltniss der Gan- 
glienkérper den Nervenfadern. Leipsic, 1847. 

Kobelt. Die Mannlichen und Weiblichen Wollustorgiine des 
Menschen, &c. Frieburg, 4to. 1844, 

Oesterreicher Jahrbucher. 

Ecker. Physiolog. Untersuchungen tber die Bewegungen des 
Gehirns und Ruckenmarks. Stuttgard, 1843. 

Medecinische Zeitung des Vereins fiir Heilkunde in Preussen. 

Carpenter. Principles of Human Physiology. 3rd. Ed. 

Delaroche et Berger. Exp. sur les Effects q’une forte Cha- 
leur produit dans I’Economie Animale. Paris, 1806. 

Magendie’s Physiology; translated by Milligan. 4th. Ed, 

Herbst. Das Lymphagefiiss-system und Seine Verrichtunge, 
Gottingen, 1644. 

Archives d’Anatomie Generale et de Physiologie. 

Longet. Anatomie et Physiologie du Systéme Neryeux, Ke. 

Paris, 1842. 


704 


LIST OF AUTHORS. 


CXXXVII. Spallanzani. Versiiche tiber das Verdauungsgeschaft. Leip- 


sig, 1785. 


CXXXVIII. Experiments and Observations on the Gastric Juice, and the 


CXXXIX. 
CXL. 
CXLI. 
CXLII. 
CXLITII. 
CXLIV. 
CXLV. 


CXLVI. 
CXLVII. 


CXLVIII. 


CXLIX. 


CL. 
CLI. 
CLII. 
CLITII. 


CLIV. 


CLV. 


CLVI1. 
CLVII. 


CLVIII. 


CLIX. 


CLX. 


CLX1. 
CLXII. 


Physiology of Digestion, by W. Beaumont. U.S. 1834. 
Reprinted with notes by Dr. A. Combe. Edinburgh, 
18638. 

Legallois. @ivres complétes, edited by M. Pariset. Paris. 1830. 

Flourens. Recherches Experimentales sur les fonct. du Systeme 
Nerveux, &c. Paris. 

Magendie. Legons sur les fonctions du Systeme Nerveux. 

Sir Charles Bell. Various Works on the Nervous System. 

Transactions of the Cambridge Philosophical Society. 

C. Matteucci. Lectures on the Physical Phenomena of Living 
Beings. Longmans, 1847. Translated also in the Lancet. 

Liebig. Researches into the Motion of the Juices in the Animal 
Body. Taylor and Walton, 1848, 

Backer. De Structura hepatis. Leyden. 

J. Miller. De Glandularum Structura, &e. Translated by Mr. 
Solly. 

Vogel. Ueber die Gesetze nach welchen die Mischung von Flus- 
sigkeiten....in permeable substanzen erfolgt. Gdttingen. 
1846. 

Quain’s Elements of Anatomy, 5th Edition, by Dr. Sharpey 
and Dr. R. Quain. 

Carpenter. Manual of Physiology. Churchill. 

Cisterlen. Bertriige zur Physiologie. 1843. 

Grainger. Observations on the Spinal Cord. London, 1837. 

Prochaska. Annotat. Academica, 1784. Opera Minora, 1800. 
Lehrsiitze aus der Physiologie. Wien, 1797. 

Bidder. Uber die Minnlichen Geschlechts und Harnwerkzeuge 
der Amphibien, 1840. 

Magendie. Legons sur les Fonctions et les Maladies du Systéme 
Nerveux. Paris, 1841. 

Brodie. Lectures on Pathology and Surgery. Longman, 1846. 

Stilling and Wallach. Untersuchungen Ueber den Bau des Ner- 
vensystems. 

Van Deen. Nadere Entdekkingen over die Eigenschappen von 
het Ruggming, &e. Leiden, 1839. 

Todd. Anatomy of the Brain, Spinal Cord and Ganglions. 

Revue Medicale. 

Foville. Traité Complet du Systeme Nerveux. 1844. 

Schiif. De Vi Motoria baseos Encephali. 1845. 


LIST OF AUTHORS. 705 


CLXIII, Mayo. Anatomical Commentaries. 
CLXIV. Beck. Anatomische Untersuchungen uber yiit® viii'®* und ix'® 
Hirnnervenpaares. Heidelberg, 1847. 
CLXV. Arnold, F. Icones Neryorum capitis. Heidelberg. 
CLXVI. Hueck. Die Achsendrehung des Auges. Dorpat, 1838. 
CLXVII. Holland. Medical Notes and Reflections. 
CLXVIII. Mackenzie. Physiology of Vision. 
CLXIX. Wharton Jones. Lectures on Ophthalmic Surgery. 
CLXX. Brucke. Various papers in Muller’s Archiv. ; and a work just 
published on the Microscopic structure of the Eye. 
CLXXI,. Traube. Beitriige zur experimentellen Pathologie und Physiolo- 
gie. Berlin, 1846. 
CLXXII, Remak. Ueber ein Selbstandiges Darmneryensystem. Berlin, 
1847. 
CLXXIII, Horn. Ueber den Geschmacks-sinn des Menschen. Heidelberg. 
1835. 
CLXXIV. Dr. Baly and Dr. Kirkes, Supplement to the Second Volume 
of Muller’s Elements of Physiology. 
CLXXYV. Hausmann. Ueber die Zeugung des wahren weiblichen Hies. 
Hannover, 1840. 
CLXXVI, Bouillaud. Recherches Cliniques et Experimentales sur le 
Ceryelet ; referred to by Longet, cxxxvi. t. i. p. 740. 
CLXXVII. Bischoff. Beweis der von die Begattung unabhingigen perio- 
dischen Reifung und los-losung der Eier. 1844. 
CLXXVIII. Raciborski. De la Puberté et de Vage Critique chez la Femme, 
&c. Paris, 1844. 
CLXIX. Pouchet. Theorie Positive de l’Eyolution Spontan. Paris. 
1847. 
CLXXX,. Bagge. De Eyolutioni Strongyli auric: et Ascarid. Vivip. 
Erlangen, 1641. 
CLXXXI. London and Edinburgh Philosophical Magazine. 
CLXXXII. Mayo’s Elements of Physiology. 
CLXXXIII. E. H. Weber. Zusiitze yom Baue und Verricht, des Gesch- 
lechte organe. 
CLXXXIV. Bischoff. Entwickelungs-geschichte des Hunde-Eies. 
CLXXXYV. Lawrence. Treatise on Disease of the Kye. 
CLXXXVI. Smee. Vision in Health and Disease, 1847. 
CLXXXVIL. Bischoff. Entwickelungs-geschichte der Siiugethiere und des 
Menschen. 1842. 


Lonpon: 
Printed by S.& J. Bpnrrey, Wrtson, and Frer, 
Bangor House, Shoe Lane. 


Medtral and Chemiral Corks 


PRINTED FOR 
fl 


TAYLOR, WALTON, AND MABERLY, 


28, UPPER GOWER STREET, & 27, IVY LANE, PATERNOSTER ROW. 


DR. QUAIN’S ANATOMY. Edited by Dr. Sarpy 


and Mr. Quarn, Professors of Anatomy and Physiology in University 
College, London. Fifih Edition, Complete in two vols. 8vo. Illustrated 
by four hundred Engravings on Wood. Price 2/. cloth lettered. [Just 
Published. 


“By the introduction of a great amount of new information in general 
Anatomy and microscopical Anatomy, and by the rectification and improve- 
ment of the descriptive details through the whole work, it has been rendered 
the most complete treatise on Anatomy in the English Language. It may 
be safely recommended to the student as the most useful work on Anatomy 
which he can study.”’-—Edinburgh Med. Journal. 

“The work will be found equally valuable as a text-book in the lecture-room, 
and whether regarded as such, or as a treatise on anatomy, which may at 
all times be referred to for information on the science, is admirably calcu- 
lated to fulfil the objects for which it is intended. The numerous illustra- 
tions are accurate and appropriate.”—Provincial Medical Journal, 

«These ‘ Elements’ may on the whole be regarded as constituting one of the 
most valuable works to which the medical student can apply for assistance in 
the prosecution of his studies ; and we may further safely recommend them 
to those who are engaged in the more active duties of the profession, on the 
ground of the judicious combination herein effected, of sound scientific 
research with instructive practical details.”—Medico.-Chirur. Review. 

*,*® The work may also be had for a short time in Three Parts. 


Parr I., 13s. | Pant II., 14s. | Part IIL, 13¢. 


DEMONSTRATIONS OF ANATOMY. A GuvIDE 10 
THE KNOWLEDGE OF THE !!UMAN Bopy By Dissection. By GEorGE VINER 
Exvuis, Junior Professor of Anatomy in University College, London. 
Second Edition, re-written. One volume, small 8vo, 12s. 6d. 

“Tn this new edition great improvements have been made. With the assistance 
of such a book, every one has it within his power to become a good practical 
anatomist.”—Edinburgh Monthly Medical Journal. 
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2 y s TAYLOR, WALTON, & MABERLY, 
“MR. QUAIN’S WORK ON THE ARTERIES. 


*,* The Publishers beg to inform the Subscribers to this Work, that the 
drawings on the stones have been destroyed. It is, therefore, not possible 
to increase the number already printed. About fifty Copies remain 
unsold, for which early application is requested. They will, for the present, 
be supplied at the subscription price, GJ. 6s. 


July, 1849, 


A HAND-BOOK OF PHYSIOLOGY. By Wrtam 


SENHOUSE Kirxes, M.D., Assisted by JAmMes PaGert, Lecturer on General 
Anatomy and Physiology at St. Bartholomew's Hospital. One vol. 12mo, 
with illustrations on Steel and Wood, 12s. 6d., cloth lettered. 


“* We predict that this will take its place as a standard work on Physiology in 

- all our medical schools and colleges.” —Medical Gazette. 

“The work is particularly adapted to those who desire to possess a concise 
digest of the facts of Human Physiology.”—British and Foreign Medico- 
Chirur, Review. 

“The authors have succeeded in producing a work well adapted for students, 
The copious references made, both to elementary works and to original 
papers, are most valuable ; more especially as this species of research is of 
great importance to students, and is apt to be neglected by the authors of 
manuals.”— Edinburgh Monthly Journal. 


RECENT ADVANCES: IN THE PHYSIOLOGY OF 
MOTION, tHE SENSES, GENERATION, AND DEVELOPMENT. By WILLIAM 
Bary, M.D., F.R.S., and W. S. Kirkxes, M.D. Being a Supplement te 
the Second Volume of Professor Miiller’s Physiology. With numerous 
Illustrations. 8yo, 5s. Ga. 


“‘To those who possess Miillers’s Elements, it is indispensable—to others who 
have not this useful work it will be found most serviceable in giving them 
at asmall expense an insight into the recent progress of Physiology.”— _ 
Medical Gazette. 


EMBRYOLOGY, witn tae PurystoLocy or GENERATION. 
By J. Mutier, M.D. Translated, with Notes, by Dr. Baty. (From Miller's 
Physiology and Supplement.) Ilustrated with Engrayings on Steel and 
Wood. 8vo, 7s. 6d. cloth. 


The above volume, taken from Miiller’s ‘* Elements of Physiology,” is sold 
separately, for the convenience of those who may wish to possess the subjects 
contained in it without purchasing the entire work. 


THE PHYSIOLOGY OF THE SENSES, Voice anp 


Muscutar Morion, with THE MENTAL Facucties. By J. Munier, M.D. 
Translated, with Notes, by Dr. Baty. (From Miller's Physiology and 
Supplement.) With numerous Wood Engrayings. 8yo, 7s. Gd. cloth. 

» 


The above volume, taken from Miller’s ‘ Elements of Physiology,” is sold 
separately, for the convenience of those who may wish to possess the subjects 
contained in it without purchasing the entire work. 
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LECTURES ON NATURAL AND DIFFICULT PAR- 
TURITION,. By Evwarp W. Murruy, A.M., M.D., Professor of Midwifery 
in University College. One volume, 8yo, with numerous Engrayings on 
Wood. 9s. cloth. 


‘The whole of these Lectures, which refer to difficult and laborious labours, 
and to the application of instruments, will be found of the véry greatest 
value.”—Lancet. . 


-_ - 
COD LIVER OIL. The Three Kinds comparatively 


considered with reference to their Chemical and Therapeutic Properties. | 
By L. J. de Joncu, M.D. Translated with an Appendix and Cases, by 
Epwarp Carey, M.D. 8vo, 6s. Gd. cloth. * 


CUTLER’S SURGEON’S PRACTICAL GUIDE IN 
DRESSING AND IN THE METHODIC APPLICATION OF BAN- 
DAGES. Second Edition. One hundred Engravings on Wood. Foolscap 
8vo, Gs. Gd. . . 


‘*This appears to be a valuable little Treatise. The author seems to have 
spared no pains in procuring correct descriptions of all the Surgical Appa- 
ratus at present employed in bandaging and dressing, both at home and 
abroad. He has given numerous illustrations in the form of well-executed 
woodcuts, and has altogether produced what we conceive to be a very 
useful, and by no means an expensive publication.”—Medical Gazette. 

” 


THE NATURE AND. TREATMENT OF CANCER. 
By W. H. WausHe, M.D., Professor of the Principles and Practice of 
Medicine in University College, Physician to University College Hospital, 
and to the Hospital for Consumption and Diseases of the Chest. One vol. 
8vo, with Illustrations, 16s. 


“A perusal of the work enables us to assure our readers that it is one of the 
most valuable monographs that has ever issued from the British medical 
press.”’—Dublin Medical Journal. 


“The chapter upon this most important subject (Treatment) is very full and 
complete. Dr. Walshe has taken great pains to examine the alleged 
virtues of almost every remedy and of every plan of medication that has been 
proposed.” —Med.-Chir. Review. 


DR. WALSHE’S PHYSICAL DIAGNOSIS OF DIS- 


EASES OF THE LUNGS, Foolscap 8vo, 6s. Gd. cloth. 


“We can recommend this volume as a useful guide on almost every point 
connected with the physical diagnosis of the diseases of the respiratory 
organs.” —Dedical Times. 


‘‘The treatise is one of extraordinary merit. Indeed we do not hesitate to 
say that there exists in no language any work on the Physical Diagnosis of 
the Diseases of the Lungs, suited for students, so clear and precise, and at 
the same time so comprehensive and practical, as this.”—British and 
Foreign Medical Review. 
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PRACTICAL PHARMACY. Comprising the Arrange- 


ments, Apparatus, and Manipulations of the Pharmaceutical Shop and 
Laboratory. By Francis Méur, Ph.D., Assessor Pharmacie of the Royal 
Prussian College of Medicine, Coblentz ; and THropxitus Repwoop, Pro- 
fessor of Pharmacy to the Pharmaceutical Society of Great Britain. One 
vol. 8vo, with 400 Engravings on Wood. 12s. 6d., cloth lettered, 


‘The most minute details are described with great accuracy, and the illus- 
trations are so well executed and so numerous, that a cursory inspection of 
the work is sufficient to convince the reader of its great practical utility. 
It isa kind of work for which there has long been a great demand in this 
country, comprising a very complete account of*all pharmaceutical opera- 
tions, with the various modes of conducting them, as well as the 
apparatus.” —Pharmaceutical Journal. 


‘* We have no hesitation in giving it our strongest recommendation as excel- 
lent, both in matter and manner.”—British and Foreign Medical Review. 


“*This work will soon find a place in every dispensary and pharmaceutical 
laboratory in the kingdom.”—Medical Gazette. 


ELEMENTS OF MATERIA MEDICA AND THERA- 


PEUTICS. By Epwarp BaLiaArp, M.D., London, Medical Tutor in Uni- 
versity College; and A. B. GArrop, M.D., London, Assistant Physician to 


University College Hospital. One vol. 8vo, with Diagrams on Wood, 
12s. cloth. 


“*As a Manual for Students, it is the best that has yet appeared, and will be 
found to contain much matter well worthy of perusal by the practitioner.” 
—Rankin's Report. 


Professor Lichig’s Wlarks. 
RESEARCHES INTO THE MOTION OF THE JUICES 


IN THE ANIMAL BODY. By Justus Lrepic, M.D., Professor of Che- 
mistry in the University of Giessen, Edited by WILLIAM GREGORY, M.D., 
Professor of Chemistry in the University of Edinburgh, 8vo, 5s, 


This work contains, in connection with the author’s remarks on the effect of 
evaporation in plants, his opinion as to the origin of the Potato Disease ; 
also, a very ingenious plan by a German, for the protection of the potato 
plant from disease. 


CHEMISTRY IN ITS APPLICATION TO AGRICUL- 
TURE AND PHYSIOLOGY. By Justus Lirsig, M.D. Edited from 
the manuscript of the author, by Lyon PLayratr, Ph.D., and WILLIAM 
Greoory, M.D. Fourth Editon, revised, 8vo, 10s 6d. cloth. 


“Tt is not too much to say, that the publication of Professor Liebig’s Organic 
Chemistry of Agriculture constitutes an era of great importance in the 
history of Agricultural Science. Its acceptance as a standard ts unavoid- 
able; for following closely in the straight path of Inductive Philosophy, 
the conclusions which are drawn from its data are incontrovertible. We 
can truly say, that we have never risen from the perusal of a book with & 
more thorough conviction of the profound knowledge, extensive reading, 
and practical research of its author, and of the invincible power and impor- 
tance of its reasonings and conclusions, than we have gained from the 
present volume.”’—Sil/iman’s Journal. 


UPPER GOWER STREET, AND IVY LANE. 5 


ANIMAL CHEMISTRY; or, CHemistry 1n irs APPLI- 


CATIONS TO PHYSIOLOGY AND PATHOLOGY. By Justus Liesre, M.D. Edited 
from the author’s manuscript, by WILLIAM GrEGoRY, M.D. Third Edition 
almost wholly re-written. 8vo. Part I. (the first half of the work) 6s. 6d., 
cloth. Part II., completing the work, is exnected shortly. 


“Under the heads of Animal Heat; of the nutrition of the Carnivora and 
Herbivora; ofthe origin and use of the bile; of the relation between the 
change of matter and the consumption of oxygen; of the origin and use of 
the non-nitrogenised elements of food, and particularly of fat, and their 
relative value as sources of heat; of the effects of aleoh>l and fermented 
liquors ; of the effects produced on the volume of the inspired air by the 
different articles of food; and lastly, of the true functions of the intestinal 
canal, and the origin, nature, and composition of the faeces, with their 
relation to the food, and to the supply of oxygen ;—under all these heads, 
the reader will find such an amount of new and interesting matter as must 
satisfy him that we have entered on the true path of discovery, and that 
the industry of modern chemists has been most profitably employed during 
the period which has elapsed since the first edition of this work appeared.” 
—From the Editor’s Advertisement. 


FAMILIAR LETTERS -ON CHEMISTRY. (Szconp 


Series.) Tue PuitosopuicAL PRINCIPLES AND GENERAL LAWS OF THE 
Science. By Justus Lreric, M.D. Edited by Joun Garpner, M.D. 
Feap. 8vo, 5s. 


Corks on Chemistry. 
ANNUAL REPORT OF THE PROGRESS OF CHE- 


MISTRY AND THE ALLIED SCIENCES, Puysics, MIneRALOGY, AND 
GeoLoey ; including the Applications of Chemistry to Pharmacy, the Arts, 
and Manufactures. By Justus Liegric, M.D., Professor of Chemistry in the 
University of Giessen, and I. Kopp, Professor of Physics and Chemistry in 
the University of Giessen, with the co-operation of H. Burr, Professor of 
Physics in the University of Giessen; Ernest DIEFFENBACH, Ph.D., 
Professor of Mineralogy in the University of Giessen ; Cuantes Ertuine, 
Professor of Chemistry and Mineralogy in the Technical School of Giessen ; 
FREDERICK KNApp, Professor of Technology in the University of Giessen ; 
Henry Witt, Professor of Chemistry in the University of Giessen; and 
Freperick ZamMiNner, Professor of Physics in the University of Giessen. 
Edited by A. W. Hormann, Ph.D., Professor in the Royal College of Che- 
mistry, London ; and WarREN DE La RUE, Fellow of the Chemical Society. 


This Series of Reports will commence with Two Volumes extending over 
the years 1847 and 1848, which will be published in the course of 1849; 
each future Report will be limited to one year. 


*,* A Prospectus of the work will be sent by post (free) lo any one 
writing for it. 


The Volumes for 1847 and 1848 will appear in Four Parts. demy &vo. 
Part I. is expected to be ready by the Virst of July, and Part IL. in 
August, 1849. 
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‘TURNER’S ELEMENTS OF CHEMISTRY. Edite 


by Proressors Lirpic and Grecory. Part I—INorcanic CHEMISTRY, lis. 
cloth. Part Il—OrGanic Cuemistry, lbs. cloth. Eighth Edition. One 
vol. 8vo, 12. 10s. 


' 

“The present is, in short, the most complete and the most luminous system 
of Chemistry in the English language; and we know not one in France or 
Germany that comes near it.”—dinburgh Medical and Surgical Jowrnal, 
Jan. 1, 1847. 


DR. GREGORY’S OUTLINES OF CHEMISTRY, for 
the use of Students. Part I—Inoreanic Cuemistry, 5s. cloth. Part H.— 
OrGaAnic Cuemistry, 7s. cloth. Second Edition. One vol. foolscap 8vo, 
12s. cloth. 


“‘This is beyond comparison the best introduction to Chemistry which has 
yet appeared. The directions for preparing substances are usually confined 
to the best method, so that brevity and selectness are combined. The size 
and the price of this little work, as well as its intrinsic merits, commend it 
to every student of Chemistry.”— Lancet. 


DR. WILL’S GIESSEN OUTLINES OF QUALITATIVE 
ANALYSIS. With a Preface by Baron Ligpic. 8vo, 6s, ; or with the 
Tables mounted on Linen, 7s. 


‘The present work contains an accurate description of the course I have 


followed in my laboratory with great advantage for twenty-five years.”— 
Baron LiesiG. 


PARNELL’S ELEMENTS or CHEMICAL ANALYSIS, 


QUALITATIVE AND QUANTITATIVE. Second Edition, revised throughout, and 
enlarged by the addition of 200 pages. 8yo, 14s. cloth. 


PARNELL’S APPLIED CHEMISTRY: Ivy Manurac- 


TURES, ARTS, AND Domestic Economy, with numerous Wood Engravings 
and Illustrations. 
Vol. I., 13s., cloth lettered, contains— 
* 
PRELIMINARY OBSERVATIONS —GAS ILLUMINATION—PRESERYATION OF WooD— 
DYEING AND CALICO PRINTING, 
Vol. T1., 138., cloth lettered, contains— 


GLASS —STARCH—TANNING—CAOUTCHOUC—BORAX AND THE BORACIC LAGOONS— 
SOAP—SULPHUR AND SULPHURIC ACID, AND SODA, 
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INTRODUCTION TO LIEBIG’S AGRICUL L CHEMISTRY. 


LECTURES TO FARMERS ON AGRICULTURAL - 


CHEMISTRY. By ALEXANDER PerzHour. People’s Edition. 1 vol. smalt 
Svo, 4s. Gd. sewed ; 5s. cloth. 


> 
«©The author does not overload his subject with needless details, which is the 
vice of some such books, but he confines the reader to those points only 
which he ought to be well acquainted with, and these he explains iggpelear 
and simple way.” —Gardener’s Chronicle, 
« 


THE USE OF THE BLOWPIPE 1n THE EXAMINATION 


oF MINERALS, Ores, Furnace Propucts, AND OTHER METALLIC ComBINa- 

tions. By Proressor C.F. PLATTNER, Assay-Master at the Royal Freyberg 

Smelting Works. Translated from the German, with Notes, by Dr. James 

SHERIDAN Musperatt, of the University College and Giessen Laboratories. 

With a Preface by Proressor Ligere. Illustrated by numerous Wood 

Engravings. One vol. 8vo, 10s. 6d. 

“This instrument is of the highest value to the Chemist, Geologist, and 
Mineralogist, as a means of ascertaining, in a few minutes, with the 
greatest accuracy, all the constituents of a mineral. Mr. Plattner’s work 
is the simplest and the best adapted for this purpose, as, besides the methods 
of Galen, Berzelius, and Gustavus Rose, it embraces the valuable results 
of his own practical experience. The translated edition is still further 
enlarged by Dr. Muspratt’s annotations.”—Baron Lirsic. 


NEW METHODS OF ALKALIMETRY, anv or 


DETERMINING THE COMMERCIAL VALUE OF ACIDS AND MANGANESE. By Drs. 

Fresenius and Witt, Chemical Assistants in the University of Giessen. 

Edited by J. Ltoyp Buttock, Member of the Chemical Society, and late of 

the Giessen and Paris Laboratories, 12mo, 4s. cloth. 

‘This little work will prove of the bighest importance to Calico Printers, 
Bleachers, Dyers, Manufacturers of Soap, Paper, and Prussiate of Potash ; 
also to Chemists; and to Dealers in Alkalies, Acids,” &e. 


APPLICATION OF LIEBIG’S PHYSIOLOGY 1o tae 
PREVENTION AND CURE OF GRAVEL, CaLcuLUs AND Gout. By H. Bence 
Jones, M.A., Cantab,; Licentiate of the Royal College of Physicians, 
London ; and Fellow of the Chemical Society. 8vo, 6s. 


‘ 

“Tn thus expressing our opinion of the practical value of this publication, it 
is satisfactory to find ourselves supported by Professor Liebig himself, 
under whose immediate superintendence and sanction, a translation into 
German is now preparing.” —Pharmaceut. Journal. 


INSTRUCTIONS FOR MAKING UNFERMENTED 
BREAD; witH OBSEKVATIONS ON ITS PROPERTIES, MEDICINAL AND Eco- 
nomic. By A Puysician. Fifteenth Edition, containing the New Formule. 
Byo, 3d. ; or, Postage free, 5d. 

‘The author by directing attention to a subject of the highest importance in 
a Social and Economical, as wellas a Medical point of view, has rendered a 
great service to the public.’— Edinburgh Medical and Surgical Journal. 


‘“We recommend this Pamphlet to the serious attention of the public.”— 
Times. e 
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COMPARATIVE ANATOMY, 


” COMPARATIVE OSTEOLOGY. Berne Morrnoxocicat 


SruDIES TO DEMONSTRATE THE ARCHETYPE SKELETON OF VERTEBRATED 
AnIMALS, By Josepu MAciise, Member of the Royal College of Surgeons. 
Illustrated by 54 Plates. ~ One volume, small folio, 27. 12s. 6d, cloth. 


SURGICAL ANATOMY. 
MORTON’S SURGICAL ANATOMY OF THE PRIN- 


CIPAL REGIONS. Royal 8vo. Plates and Woodcuts :— 
PERIN/ZUM. Four Plates and three Woodcuts. 6s. plain, 7s. 6d. coloured. 


€ GROIN, FEMORAL, AND POPLITEAL REGIONS. Hight Plates and 
Eleven Wood Engravings. 9s. plain, 13s. coloured. 


INGUINAL HERNIA, TESTIS AND ITS COVERINGS. Five Plates 


® and Eleven Woodcuts. 12s. coloured, 9s. plain. 
* EIGHT PLATES OF THE HEAD AND NECK, THE AXILLA, AND 


THE BEND OF THE ELBOW. 13s. coloured, 7s. 6d. plain. 


‘«The production (volume on the Groin) is altogether one which we can” con- 
scientiously recommend to the working student....... The work will 
constitute a complete and elaborate treatise, that cannot fail to be highly 
useful to surgeons in general.”— British and Foreign Medical Review. 


“¢The present work (Inguinal Hernia) is a worthy successor to those on the 
Groin and Perinwum, and will prove, we do not doubt, as great a favourite 
with students.”—Med.-Chir. Rev., April, 1841. 


Anatomical’ Wlates.” 


CHEAP ISSUE (ONE-THIRD LESS THAN THE ORIGINAL PRICE). 


A SERIES OF ANATOMICAL PLATES IN LITHO- 


GRAPHY. Edited by Jones Quan, M.D,, and Erasmus Wixson, F.R.S. 


Former Price. Present Price. Former Price. Present Price. 

Plain. Plain. Coloured, Coloured. 

2 a. @, = 8. 2 = & 8. a. 

MUSCLES. 51 Plates. .216 0 118 0 56 6 0 312 0 

VESSELS. 50,Plates ..2 14 % 1.23 6 $18 0 3.3 0 

NERVES. 38 Plates . .2 4-0 110 0 42 0 216 0 

VISCERA. 32 Plates ..118 0 | es ie 310 0 28 0 
BONES AND LIGA- 

MENTS. 480 Plates. .2 0 0 1 56 0 215 0 ae a 


The Work, complete in 2 vols. royal folio, half-bound morocco, gilt tops, 
price 82. 8s. plain; 14. coloured. 


. Bradbury & bs vans, Printers, Whitefriars. 
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